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CONSTANT VOLTAGE 
with low harmonic distortion 


TYPE CVH, an important newcomer in a famous line 
—a SOLA CONSTANT VOLTAGE Transformer designed for 
use with equipment that requires a source of undis- 
torted voltage. These new transformers, available in 
250, 500 and 1,000 VA capacities, provide all of the 
voltage stabilizing characteristics of the standard SoLa 
Constant Voltage Transformer, with less than 3% har- 
monic distortion of the output voltage wave. 

Since the output voltage wave is essentially sinusoidal, 
these transformers may be used for the most exacting 
applications such as general laboratory work, instru- 
ment calibration, precision electronic equipment or 
other equipment having elements which are sensitive to 
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TRANSFORMERS 


Transformers for: Constant Voltage * Cold Cathode Lighting * Airport Lighting + Series Lighting * Fluorescent Lighting « 
Oil Burner Ignition * X-Ray * Power + Controls * Signal Systems * etc. » SOLA ELECTRIC COMPANY, 4633 W. 16th Street, 


Manufactured under license by: ENDURANCE ELECTRIC CO., Concord West, N. S. W., Australia 


UCOA RADIO S.A., Buenos Aires, Argentina 


power frequencies harmonically related to the funda- 
mental. 


As in all Sota Constant Voltage Transformers the 
regulation is automatic and instantaneous. There are 
no moving parts, no manual adjustments and every 
unit is self-protecting against short circuit. 


Type CVH represents 
an outstanding ad- 
vance in automatic 
voltage regulation 
and an important 
contribution to pre- 
cise electronic equip- 
ment. 


WRITE FOR THESE BULLETINS 


ACVH-136—complete electrical and 
mechanical characteristics of the 
new Type CVH Constant Voltage 
Transformers. 


ACV-102 — complete engineering 
handbook and catalog of standard 
Constant Voltage Transformers 
available for remedial or built-in 
applications. 


Luminous Tube Signs 
Chicago 50, Illinois 


ADVANCE COMPONENTS LTD., Walthamstow, E., England 


M.C, B. & VERITABLE ALTER, Courbevoie (Seine), France 


o Illinois U Library 
ELECTRICAL ENGINEERING 


egistered United States Patent Office 


O G if O B E R The Cover: Testing expulsion-type distribution lightning arresters in the research division of 
she Line Material Company, scheduled for inspection during the Midwest general meeting in 
| 9 4 8 Milwaukee, Wis. 


Engineering Training—An Instrument of Progress......... A.G. Conrad ... 935 
Role of Engineers in Mexico’s Development........ Louis Alfonso Guerrero . . . 940 
Radio for Telephone Service in America.................... H.I. Romnes... 941 
Experience With High-Speed Reclosing 4... +.0..490) oe George E. Dana... 942 
Bellingham Hydraulic dog Barker. 7c oe ee V. C. Haner, H. A. Rose .. . 945 
Telemetering Circuits—Metallic and Carrier.............. M. A. Bostwick .. . 946 
Snow State on Aircraft si o2. 036? doe oo oe Willard H. Bennett . . . 947 
Modern Trends in Hydraulic Turbine Design....... William J. Rheingans .. . 954 
Long-Distance Energy Transmission............. R. E. Pierce, E. E. George .. . 955 
Power From Process Steam............................... William E. Zelley . . . 956 
Reading Makes a Full Man... . 5.20.55 c.00.2.:,0---+00000+- D. H. Erickson . . . 960 
Irrigation Pumping With Grand Coulee Power............. S.M. Denton... 961 
Nuclear Reactors for Power Generation................. Ward F. Davidson .. . 962 
The 230-Kv Ring Bus for Grand Coulee.....N. G. Holmdahl, C. L. Killgore . . . 967 
Ionization Level of Rubber-Insulated Cables........................-... 

SOO Oe God ee ig ee rahe. R. C. Graham, E. K. Duffy, W. P. Foster . . . 968 
Standards as Applied to Motors.............................. WR. Hough. .< 969 
Tests at 500-Kv Station at Chevilly......................... Francois Cahen . . . 972 
Transmission System From Grand Coulee....... B. V. Hoard, E. E. Helwith . . . 973 
The ‘‘Phantastron” Control Circuit...................... James R. McDade .. . 974 
The Soace Charge Due to Corona... ......066. 0650520020 Otto J. M. Smith .. . 979 
Pumping for Power in the Colorado Rockies............. Frank M. Wilson . . . 980 
Experience With High-Frequency Heating..H. R. Winemiller, Harold Bunte . . . 981 
olgiag. G05 ig oot! i ae a a AIEE Committee Report. . . 985 
Joints and Clamps for Aluminum Conductors............ Gordon B. Tebo .. . 986 
ates tanascope” Pamt Locator..................05 J. R. Leslie, K. H. Kidd . . . 987 
Mathematics for Engineers—I.............. Edwin G. Olds, Forman S. Acton . . . 988 
Electrification of an Ore Haulage System.................... R. J. Corfield .. . 994 
A Universal Telemetering System................5...-0.5 05! L. Dale Harris . . . 995 
Miscellaneous Short Items: 

Electrets—Nonmetallic Magnets, 939; Fluoroscopic X-Ray Image Amplifier, 944; 
Quartz Crystals Grown in Laboratory, 953; Variable-Resistance Spring, 966; 
Atomic Motor, 977; Electrical Essay, 978; Transformers for Brazil, 984 
Institute Activities eS 
Of Current Interest ot O25 
G. Ross Henninger Statements and opinions given in articles and papers appearing in ELECTRICAL 


Editor ENGINEERING are the expressions of contributors, for which the Institute assumes 
p 
WR: MacDonald, Jr no responsibility. Correspondence is invited on all controversial matters. 


E. E. Grazda 


Associate Editors Published Monthly by the 
F. A. Norris 
Business Manager AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
J. S. Lopes Founded 1884 
Advertising Director 
VOLUME 67 EVERETT S. LEE, President H. H. HENLINE, Secretary 
NUMBER ee remtccane Du Youss Kom McRacbron J. Or OB Ry Tene [ens caamwondned 


ELECTRICAL ENGINEERING: Copyright 1948 by the American Institute of Electrical Engineers; printed in the United States of America; indexed annually 
by the AIEE, weekly and annually by Engineering Index, and monthly by Industrial Arts Index; abstracted monthly by Science Abstracts (London). Address 
changes must be received at AIEE headquarters, 33 West 39th Street, New York 18, N. Y., by the first of the month to be effective with the succeeding issue 
Copies undelivered because of incorrect address cannot be replaced without charge. 


In soldering operations, it is unnecessary to 
remove the Celenamel* insulation. Soldering of leads 
is accomplished by dipping in a lead-tin bath at 600F 
to 700F or, in direct application of a soldering iron. 


In either operation a flux of rosin-alcohol is used. 


Celenamel* magnet wire—a copper wire in- 
sulated with a film of cellulose acetate combined under 
heat with other resinous materials. The film so pro- 
duced is tough, flexible, continuous, and of high dielec- 
tric strength. The insulation additions produced with 


Celenamel* films have close and uniform tolerances. 


Because Celenamel* is practically impervious 
to the action of hot coal tar as well as petroleum 
naphthas, the film withstands the usual temperatures 


encountered during coil impregnation and baking. 


Available in sizes 39 and finer, TOUCH—Instantly Soldered 
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Publications Staff Changes. G. Ross 
Henninger has resigned as editor of ELEC- 
TRICAL ENGINEERING to become 
editor and director of publications for 
the Illuminating Engineering Society. He 
will be succeeded by Charles S. Rich, who 
has been secretary of the AIEE technical 
program committee. W. R. MacDonald, 
associate editor of ELECTRICAL ENGI- 
NEERING, also has resigned, because of 
ill health (page 7000). 


New Section Chairmen. Approximately 
half of the new AIEE Section chairmen for 
1948-49 are being introduced to the 
membership in this issue, with photo- 
graphs of the others scheduled for Novem- 
ber (pages 1004-5). 


AIEE Meetings. The fall season of 
AIEE activities is in full swing with two 
District meetings and one general meeting 
scheduled for the remainder of the calendar 
year. In the order of occurrence they are 
the Middle Eastern District meeting which 
is to be held in Washington, D. C., Oc- 
tober 5-7, 1948, the program for which 
was published last month (EE, Sept’48, 
pp 910-17); the Midwest general meeting, 
scheduled for Milwaukee, Wis., October 
18-22, 1948, the program for which 
appears in this issue (pages 998-9); 
and the Southern District meeting which 
will be held in Birmingham, Ala., No- 
vember 3-5, 1948, the program for which 
also appears in this issue (page 7007). 


AIEE PROCEEDINGS. The third order 
form for 1948 AIEE PROCEEDINGS 
sections appears in this issue (pages 43A 
and 44A). This order form lists papers 
that were presented at the Pacific general 
meeting held in Spokane, Wash., August 
24-27, 1948; and those being presented 
at the Middle Eastern District meeting, 
Washington, D. C., October 5-7, 1948. 
Members interested in obtaining AITEE 
PROCEEDINGS sections already pub- 
lished are referred to the AIEE PRO- 
CEEDINGS box for necessary information 
(page 997). 


“Our Institute Membership.”” A number 
of interesting statistics on ATEE member- 
ship are presented in this month’s message 
from AIEE President Lee (page 996). 


Section and Branch Officers. The 
annual listing of Institute Section and 
Branch officers for the year 1948-49 is pre- 
sented (pages 1017-73). 


Board of Directors Meets. A Niagara 
Falls Section was authorized, among other 
actions at the August 5 meeting of the 
board of directors (pages 7006-07). 


Pacific Meeting. A report on the various 
activities that took place during the Pacific 
general meeting which was held in Spokane, 
Wash., August 24-27, 1948, appears in 
this issue (pages 1007-10). 


Digests. A digest of one technical paper 
presented at the AIEE summer general 
meeting appears in this issue (page 940). 
The remaining digests are for Pacific 
general meeting papers (pages 947, 945, 
946, 954, 955, 961, 967, 968, 972, 973, 979, 
980, 986, 987, 994, 995). 


Reading and the Engineer. One way 
that the engineer can obtain a further 
education in the humanities is by reading 
a better type of literature. A list of 26 
great books is presented as a starter (page 
960). 


Engineering Training. Engineering train- 
ing can provide a liberal education once 
we recognize the fact that its fundamental 
purpose is not to fit students to a mold, 
but, as all education, to develop the man 
mentally, morally, and physically. True, 
education makes for inequalities, but 
“inequality, not mediocrity, individual 
superiority, not standardization, is a 
measure of the progress of the world’ 
(pages 935-9). 


Mathematics for Engineers. Following 
up the enthusiastic response to a presenta- 
tion at the 1948 AIEE winter general 
meeting, there begins in this issue the 
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first in a series of three articles on applied 
mathematics. In this part the reasons 
why functions are fitted to data and the 
possible sources of error are discussed 
(pages 988-93). 


Polarity of D-C Control. Results are re- 
ported of a survey of manufacturers con- 
ducted to ascertain their experiences with 
standardization of polarity of d-c control 
(page 985). 


Snow Static. Airplanes flying through 
snow can acquire an electrostatic charge 
which can produce corona and consequent 
interference with radio reception. A 
method for overcoming the interference- 
producing discharges is proposed by an 
author who was associated with the 
problem for many years (pages 947-53). 


Practical Economics. Industrial plants 
which use both steam and electric power 
may find it economical to use some of the 
steam power to meet electric power re- 
quirements. One plant found it possible 
to realize a return of 25 per cent on the 
cost of the necessary additional equipment 
(pages 956-9). 


Student Prize Paper. The prize winning 
AIEE Student Branch paper for the 
academic year 1946-47 considered the 
characteristic of a single-tube time-delay 
control circuit (pages 974-7). 


Nuclear Reactors. A discussion of the 
considerations and problems involved in 
the use of nuclear reactors for power 
generation completes ELECT RICAL 
ENGINEERING’s recent series of articles 
on the general subject of nucleonics. The 
entire series will be available in pamphlet 
form (pages 962-6). 


Motor Standards. Three organizations 
have prepared standards covering various 
aspects of motor application; knowledge 
of these standards enables motor purchasers 
to understand what they are buying (pages 
969-71). 


High-Frequency Heating. Promotion of 
high-frequency heating equipment by 
utility companies permits customers to 
bring forward their problems without a 
feeling of obligation to equipment manu- 
facturers (pages 981-4). 


High-Speed Reclosing. Experience with 
high-speed reclosing of circuit breakers 
following transmission line faults has given 
a record of 80 per cent successful reclosure 
without other interconnection, and 77.1 per 
cent with other connecting lines in service, 
indicating that the unsuccessful reclosures 
were not due to the loss of synchronism 
(pages 942-4). 
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SPECIFICATIONS 


RANGE: 2,000 ohms to 50,000 megohms 
in five overlapping ranges; zero to 100 
volts, d-c as a vacuum-tube voltmeter. 

ACCURACY: within +5% of indicated 
value from 30,000 ohms to 3 megohms; 
within +8 % from 3 to 3,000 megohms 
when the central decade of scale is used. 
Voltage measurement accuracy is +2% 
of full scale. 

SCALE: standard direct-reading ohmmeter 
calibration is used; scale is illuminated. 
VOLTAGE ON UNKNOWN: does not 
exceed 106 volts and varies with meter 

indication. 

INPUT RESISTANCE: for voltage measure- 
ments input resistance in megohms is 
indicated by selector switch. On the 
“infinity” position, resistance is greater 
than 20,000 megohms, 

TEMPERATURE-HUMIDITY EFFECTS: over 
normal room temperature and humidity 
ranges, accuracy is substantially independ- 
ent of either. 

DIMENSIONS: 10 x 8 x 51/, inches. 


WEIGHT: 81/, pounds, net. 


Me gonM 6 
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THIS NEW MEGOHMMETER is very similar to the usual ohmmeter 
except that a vacuum-tube voltmeter is used as the indicating 
device. It is a-c operated and direct-reading in five overlapping 
ranges from 2,000 ohms to 50,000 megohms. The a-c power supply 
is regulated to make readings of the instrument independent of 
supply voltage variations. 


This megohmmeter is very useful for moderately high resistance 
measurements such as leakage resistance of cables and insulating 
samples, locating defective insulation in electrical machinery, and 
particularly for the determination of moisture content of wood, 
paper and other products. By means of a panel switch it is con- 
vertible to use as a d-c vacuum-tube voltmeter for measurements 
up to 100 volts, d-c. 


The Type 1861-A Megohmmeter is convenient to use, accurate 
and stable. 


TYPE 1861-A MEGOHMMETER ... . $130.00 
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90 West St., New York 6 
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Engineering Training— _ 
An Instrument of Progress 


A. G. CONRAD 


MEMBER ATIEE 


HE OLD PROVERB 
that necessity is the 
mother of invention is subject 
to question. In most in- 
stances, necessity is the 
mother of substitutes. It also 
has been stated that wars 
bring about inventions. This 
may be true in some Cases, 
but, more frequently, the in- 
novations of war are substi- 
tutes, rather than inventions. 
During the past decade, we 
have seen the substitution of plastics for metal, government 
control for private enterprise, automatic machines for 
human labor, rayon for silk, hatred for love, destruction 
for construction, starvation for nutrition, and specialized 


man mentally, 


training for education. 

World War II can be considered a substitute. It was a 
substitute for an adequate method of settling an inter- 
national dispute, in somewhat the same manner that 
amputation is used in the medical profession where there 
is no adequate cure for the afflicted member. Probably 
one of the most outstanding substitutes resulting from the 
war has been that of change for complacency. It has 
been difficult for people to accept change. They like one 
brand of toothpaste and only one. They attend one church 
and only one. They are partial to one make of auto- 
mobile, and they are suspicious of a change in government 
administration. 

Substitutions and changes usually are brought about by 
necessity. Throughout the world today, people are 
accepting many substitutions and changes, with the 
realization that they are necessary for the preservation of 
their way of life and for their very existence. They accept 
heavy taxation because they feel it is necessary for the 
preservation of their national security. They accept labor 
unions and strikes, not because they like them, but because 
they seem necessary to the maintenance of their standard 
of living. Changes are taking place in all phases of life, 
at an ever-increasing rate, and our concept of what is 
normal is being revised continually as a result of such 
changes. 

The last war has jolted us into realizing that the re- 
sources of the world are not inexhaustible. Forests are 
disappearing. Oklahoma is running out of zinc and lead. 
Oil supplies may not last more than 25 years, . /he>pro- 


Essentially full text of paper 48-145, “Engineering Training—An Instrument of Prog- 
ress,” recommended by the AIEE education committee and approved by the AIEE 
technical program committee for presentation at the AIEE summer general meeting, 
Mexico, Federal District, Mexico, June 21-25, 1948. Not scheduled for publication, 
in AIEE TRANSACTIONS. 

A. G. Conrad is chairman, department of electrical engineering, Yale University, 
New Haven, Conn. 
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The objectives of an engineering education 
can be realized fully only when it is recognized 
that these objectives, in common with those of 
all education, are not merely the development of 
technical abilities, but the development of the 
morally, 
Through his scientific and technological con- 
tributions, the engineer ably fulfills his duty 
as an engineer, but he must be trained to assume 
a further responsibility—his responsibility to 
the society of which he is a member. 
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ductivity of a large portion of 
the world has been destroyed, 
and in countries unscathed 
by the conflict, production is 
being retarded dangerously 
because of misunderstandings 
between labor and manage- 
ment. Productive capacity is 
worthless unless it can be put 
to good use. Yet productive 
capacity is a necessity in our 
modern civilization. Man 
no longer can support himself 
without the aid of the natural resources that have been 
harnessed for him by the scientist and the engineer. 

The mechanical output of man is not large. A brawny 
athlete, working at full capacity, can do approximately 
the same amount of work in a day as a one-tenth horse- 
power motor working during an equal interval. This 
energy evaluated on the basis of the energy rate of one 
of our local public utilities would be worth approximately 
four cents per day. Of course this is not all of the me- 
chanical output of a human being. At rest the average 
person radiates heat at about the same rate as a 70-watt 
lamp. This radiated energy is worth about seven cents 
per day. The total energy output of the average individual 
is therefore worth approximately 11 cents per day. The 
food consumed by the average person is worth approxi- 
mately $1.50 per day, but in return the best that can be 
expected is 11 cents’ worth of energy. This efficiency is 
nothing for the human race to brag about. 

How then can a civilization exist when our consumption 
is so much greater than what we ourselves are able to 
produce? The answer is simple. We are parasites. We 
are living on what we can get out of the storehouse of 
civilization and our most generous benefactor is Mother 
Nature. She has placed coal in our hills, oil in our sands, 
and water in our streams. These, our natural resources, 
are the things that permit us to enjoy a standard of living 
that our ancestors never dreamed of. The importance of 
these resources is not limited to their effects on our standards 
of living. National resources are a far greater factor in 
deciding the supremacy of nations than dynasties or con- 
quests. It is the lack of these resources that has made 
some dictators aggressive for additional territories and at 
the same time, in other parts of the world, the scarcity of 
these resources has limited aggression more than peace 
treaties. ‘The rate at which these resources are being used 
is appalling. In some parts of the world, they practically 
are exhausted. In later life we probably will regret having 
used them so lavishly at this time. In spite of this fact, we 
are doing nothing to conserve them. Thrift is inconvenient. 


and physically. 
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THE ROLE OF THE ENGINEER 


The United States is particularly fortunate in having 
one-half of the world’s coal supply, or approximately 
3,830,000,000,000 tons. If this coal is converted to electric 
energy and sold for four cents per kilowatt-hour, it would 
bring a return of approximately $300,000,000,000,000. 
This is about 30,000 times the value of the entire gold 
supply of the world. However, it has not always been of 
such value. The value of a resource depends on the use 
to which it can be put in supplying man’s needs. Our 
coal had little value 70 years ago. People did not realize 
its value as a fuel. But through science and engineering 
this worthless black deposit has been made to have a value 
of $300,000,000,000,000. This represents the creation of 
wealth—this is engineering. The engineer creates wealth. 
The economist attempts to control its distribution—he 
does not create it. These natural resources have provided 
wealth. The standard of living in the world today is 
directly dependent upon the intelligent and continued use 
of these resources. It has been said that electricity in 
modern life is second in importance only to food and 
shelter. If we were to open the switches in our power 
plants, our modern machines would be worthless. Our 
refrigerators and heating systems would cease to function 
and elevators would stop between floors in darkened 
shafts. Fire and police systems would be inoperative and 
crime would be rampant within 24 hours. Telephones 
and radio would be replaced by the next highest-speed 
communication system known in the past as wig-wagging, 
and the baby being born in the maternity ward would 
arrive in the world under approximately the same intensity 
of illumination as did his great-great-grandfather. If 
we were to do away with electricity, we would be back 
where we were 150 years ago. 

The engineer has provided a power supply system which 
has made cheap energy available to nearly everyone. He 
has provided transportation systems of many forms. He 
has provided communication systems that have surpassed 
human concepts of 100 years ago. However, the main 
purpose of all of this engineering is not to provide a com- 
fortable existence. Engineering has a deeper meaning than 
the mere utilization of resources. Engineering is an 
instrument of “‘social progress.” History has shown that 
the great advances in literature, art, and philosophy have 
been made by a comparatively few people who have been 
provided, through the economic and social systems in 
which they lived, with the opportunity to devote their 
time and energies to such advancements. In the early 
days this meant that many slaves were required for every 
scholar or member of the “intelligentsia”? who was not 
devoting his time to the process of earning his own living. 
Today, engineering achievements are providing an equiva- 
lent of 50 slaves for every man, woman, and child in the 
United States. In so doing, engineering has given nearly 
all of our people the opportunities for an intellectual de- 
velopment that heretofore was restricted to a very few. 
Thus we see that engineering is not only necessary if our 
American way of life is to be continued, but it is also a key 
to technical, social, and economic progress. 
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This progress cannot be attributed entirely to the presence 
of natural resources. Such resources have been present 
for years. It has taken millions of years to bring them to 
human usefulness). The great advances in civilization 
have been brought about by comparatively few individuals 
who have not conformed to the pattern of the average man. 
They have been men of superior intellect—men with 
originality and inventive genius—men of courage. They 
have made possible the utilization of natural resources by 
providing what might well be called intellectual resources. 

The need for such men has not diminished. Pioneering 
in science and engineering is necessary to the continuation 
of progress. The fields of research have not been harvested. 
Knowledge stands before us like the Rock of Gibraltar, 
and is just about as hard to penetrate. Every few years 
some rugged individual with plenty of originality, fore- 
sight, and initiative appears on this rock with an ample 
supply of intellectual dynamite and proceeds to blast away 
some huge chunks. Then a lot of lesser individuals come 
along with their special tools and pick away at the pieces. 
Men who have blasted away some sizeable chunks are well 
known. When Edison invented the incandescent lamp, 
he started the electric power industry, which now has an 
annual revenue of nearly four billion dollars. Bell with 
his invention of the telephone started an industry that has 
revolutionized the country and at the present time employs 
more than half:a million people—that is engineering. 
When Westinghouse developed his a-c system of trans- 
mission he made possible the use of energy in one part of 
the country from a source in another part—that is engineer- 
ing. When Kettering invented the electric starter for the 
automobile he placed under the hoods of American cars 
more horsepower in the form of starting motors than is 
installed in all the powerhouses in the country, and at the 
same time prevented the breaking of 60,000 human arms 
annually—that is. engineering. 
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The changes brought about by engineering are uni- 
versally recognized and approved. These changes have 
altered our entire concept of living and they have reflected 
back to the universities causing changes in our concepts 
of education. Engineering training has grown by leaps 
and bounds in its attempt to keep up with the ever-increas- 
ing demand for engineers. The changes of engineering 
education have been so rapid that entirely too frequently 
the purpose of the training is obscured in a mass of er- 
roneous concepts as to its fundamental objective. 

What is the fundamental purpose of engineering educa- 
tion? ‘There are many answers to this question, depending 
largely on who provides them. I find many industrialists 
who feel that it is the duty of the university to set up 
engineering courses and curricula for the purpose of pro- 
viding specialized training that will prepare the student 
to fit into some industrial jobs open in their particular 
companies. I find many students who feel that the purpose 
is to provide training which will permit them to get a job 
with a good salary. I find an army general who feels that 
the engineering curricula should be set up to train men in 
the technical subjects that are important to the defense of a 
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nation. All of these may be objectives, but they are cer- 
tainly not the main purposes of engineering training. 
They are secondary at best—their vector sum is approxi- 
mately zero. 

There is not a unanimity of opinion among engineering 
educators as to what constitutes an adequate engineering 
curricula. The American Society for Engineering Educa- 
tion has had committees functioning on this for years. 
Much discussion has taken place on the proper ratio of the 
humanistic studies to the technical studies provided in the 
engineering program. Attempts have been made to de- 
termine a consensus of opinion as to the best proportion. 
As a result of these surveys, there has been much standardi- 
zation of engineering curricula in many universities but 
there is little evidence that such standardization is bene- 
ficial. Who can say that the great advances in education 
are not brought about as the result of dissimilarities of 
curricula rather than their uniformity? Standardization 
retards change and change is essential to progress. The 
engineering curricula should not be built on information 
obtained from such “Gallup Poll’? data. There is nothing 
sacred about a curriculum. It consists merely of a listing 
of courses and subjects for administrative purposes. Cur- 
ricula for the very best and the very poorest schools may 
appear the same on paper, just as the menu at the 
“Waldorf” may be similar to that prepared by “‘Joe’s 
Beanery.” There is vast difference in the intellectual 
nourishment obtained from curricula presented by an 
incompetent faculty in comparison to that obtainable from 
a staff comprised of competent educators and scholars 
working in the intellectual atmosphere of a true university. 

No one questions the value of good teaching or the 
importance of education. There are many, however, who 
doubt that an intellectual climate can be created in an 
engineering laboratory. We who are connected with the 
older educational institutions on the Atlantic seaboard 
quite frequently encounter educators who admit the 
triumphs of engineering but who are not inclined to extend 
similar appreciation to engineering education. They 
feel that engineering training, as given in our engineering 
schools, is not a valid education. Their views in this 
matter are shared by people in many walks of life. ‘They 
feel the engineering education is materialistic in nature. 
It does not provide the engineering student with an under- 
standing of man himself. Engineering has done wonders 
to make life easier but it has not made people happier. 
The devastating implements of warfare are products of 
engineering activity. The engineer should think more 
about the efficiency of government and spend less time on 
the efficiency of his machines. The ills of the world are 
attributed to an overemphasis on science and engineering 
and a lack of appreciation of the humanities. The cure 
for these deficiencies on the part of the engineering student 
is prescribed in the form of the so-called humanistic studies 
to be inserted into the engineering curricula. 

A large portion of this criticism is absurd and is not 
accepted by the engineer. He is well satisfied to stay in 
his own field where his rigid and logical approach to prob- 
lems have proved adequate. He is not interested in proj- 
ects that do not lend themselves to engineering approach. 
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He likes to apply his mathematics to the problems at hand 
and to crank out the exact solutions. He is not interested 
in the nebulous problems that arise in society and in 
politics that do not yield to standard engineering tech- 
niques. Generalities and intuition are not exact; they 
are not dependable in engineering. They are used by the 
man in humanities as substitutes for the basic thinking 
and the exactitudes that characterize the engineering 
approach. The engineer is well aware of the ills of the 
world, but he does not accept the responsibility for them. 
After all, if social education had kept pace with engineering 
education, some of the acute problems of the world today 
would not exist. He knows that wars were fought long 
before the earliest concept of engineering education. He 
knows that a war is started when someone wishes to fight, 
and when someone wishes to fight, he must be accommo- 
dated. He has never seen a “right wing” or a “‘left wing” 
in the engineering profession where controversy always 
yields to logic. He dislikes fascism and communism 
and other forms of undemocratic government. He knows 
that none of these “‘isms” ever were incubated in an engi- 
neering office or on a drafting board. 


EVOLUTION OF CURRICULA 


The divergences of opinion listed have prevailed for 
several decades. Fortunately, these differences as to our 
concepts of a valid education are not as great today as they 
have been in the past. There has been some respectable 
thinking by educators as to the relative importance of 
technical education as compared with that of the hu- 
manities. Many of the advocates of the restricted liberal 
arts education are beginning to see the importance of 
science and engineering. Introduction of the sciences into 
the curricula has been a change common in many of the 
liberal arts colleges within the last three years. Likewise, 
the engineering curricula have been undergoing some 
revision. The greatest changes are occurring in the pro- 
grams offered in electrical engineering. ‘These changes 
have done much to bridge the gap between the objectives 
of the liberal arts man and those of the engineer. 

Specialization gradually has been moved out of the 
undergraduate program for electrical engineers, and in 
its place we find greater emphasis on the fundamentals of 
the basic sciences. Design courses and material on indus- 
trial processes have been minimized and greater emphasis 
has been placed on teaching of engineering synthesis, 
along with engineering analysis. The importance of 
training for engineering research is taking precedence over 
training for engineering development. Courses in the 
humanities are replacing those formerly offered in industrial 
organization and management, plane surveying, and 
other courses which are related only remotely to electrical 
engineering. 

These changes are taking place gradually, and they are 
approved universally by faculty and students. Research 
is of paramount importance, especially to the graduate 
student of today. At present, the students are serious- 
minded and they have well-formed objectives. ‘They are 
much more interested in the creation of new things than in 
the manufacture of old devices. They look to the fields 
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of research rather than to production as an outlet for their 
intellectual curiosity and their inventive genius. This is 
good and it will mean much to the industries that recognize 
this attitude and give it support and encouragement. 
Engineering analysis, which was considered to be all 
important in electrical engineering work, is being chal- 
lenged by engineering synthesis. For years, students 
have been given courses in vector analysis, circuit analysis, 
stress analysis, engineering analysis, but entirely too little 
thought has been given to engineering synthesis. Analysis 
teaches a student to tear down a problem into its com- 
ponents so that it may be more thoroughly understood. 
Synthesis teaches the student to put these components 
together in their most useful form—this is engineering. 
Originality and inventive genius should be encouraged 
in all engineering courses. A student should be taught 
to create and to devise. It is more important that he 
devise new methods of solving problems than it is to apply 
old methods in a mechanistic fashion. Such attitudes are 
necessary if progress is to be made in engineering. Origi- 
nality and inventiveness are as much a part of a human 
being as his ability to swim. A man never learns to swim 
unless he gets in the water. He will not develop creative 
talents unless he is exposed to an intellectual environment 
which will demand continuous use of these natural talents. 
Some courses should be presented for the specific purpose 
of developing these creative attitudes. The subject matter 
of the course is of far less importance than the mental 
disciplines that it leaves with the student. The course 
is merely the agent by which these disciplines are developed. 


ENGINEERING AND SOCIETY 


The objectives of technical education have been well 
established and the technical achievements of the engineer- 
ing graduate of today surpass those of his predecessors. 
However, the engineer is not completely satisfied with the 
manner in which the fruits of endeavor are being used. 
He has become increasingly aware that society is not keep- 
ing pace with the continuous advancements in technology. 
He is well aware that the great destruction resulting from 
the last war has been brought about through an abuse of 
engineering by people who have not the faintest concept of 
its fundamental purposes. He is well aware that more 
logic has gone into the design of a microphone than has 
ever passed through it during normal use. He has seen 
the principles of engineering applied to machines that are 
capable of destroying mankind—yet the human race 
cannot develop a cure for a common head cold. He sees 
his well-designed machines that are capable of producing 
useful goods standing idle while labor and management 
argue over terms of employment. He has learned to solve 
the problems of science and engineering with great ac- 
curacies, but the human equation remains unsolved. The 
world today is in a greater need of a mental reconstruction 
than a physical reconstruction. 

Educators in America have a lesson to learn from the 
German University, where technical excellence was de- 
veloped to a degree that the intellectual freedoms which 
were thought to be the basis of their system of education 
gave way to an enslavement of the mind dictated by 
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political prejudices and class hatreds. The responsibility 
for world citizenship cannot be avoided by the engineer. 
He must be trained to meet these responsibilities. It 
should be part of the education of an engineer to under- 
stand man himself. It is just as important that the engineer 
understand what goes on in the human heart as it is for 
him to understand the behavior of some man-made electric 
machine. Yet the predictions of man’s behavior cannot 
be made from engineering formulas. Something more than 
technical training is needed for the engineering student | 
if his education is to be kept from being ‘‘lopsided’”’ and 
narrow. His education should extend beyond what can 
be seen through the laboratory doors. It should include 
the humanities. 

Much discussion has taken place in recent years-as to the 
‘*humanistic stems” of the engineering curricula. ‘These 
“stems” refer to a series of cultural courses extending 
through the 4-year program. The objectives of this ad- 
ministrative procedure are excellent, but unfortunately 
these courses have not, in many cases, been successful. They 
have served as excellent ornamentalities, but the mere 
listing of courses in a curriculum is not enough. Many of 
the so-called humanistic courses are as dehydrated and 
sterile as any of those ever found in engineering. Humani- 
ties can be taught only by those who understand them and 
such teachers are not to be found in only one university 
department or in only one school of a true university. 
There are as many true educators found in science and 
engineering as in the liberal arts departments. One of the 
best writers ever known to the author is a professor of 
applied physiology; another is a professor of civil engi- 
neering. Another professor who teaches physics also can 
teach an excellent course in philosophy. It is this type of 
teacher that is needed in the engineering colleges today. 
If the student can be exposed to a faculty that is educated 
and not just trained, we need not worry about the so-called 
“stems” or the validity of engineering education. This 
is in no way an implication that thorough training in basic 
science and engineering is less important today than it 
has been in the past. It is more important than ever 
before. However, the objectives of engineering education 
cannot be realized fully unless such training can be pre- 
sented by a faculty that can reveal to the student that: 

1, The objectives of a scientific, liberal arts, or engineering education 


are common, The purpose of an education is to develop the man— 
mentally, morally, and physically. 


2. The laws that govern human beings are as important to the 
welfare of society as the laws of science and engineering. 


3. An understanding of man is as important, or more important, 
than an understanding of man-made machines. Man should not 
be a slave to machines—the machines should be the slaves of men. 


4. Advancements in civilization are dependent upon the intelligent 
use of man’s efforts as well as the use of natural resources. 


5. It is not the main purpose of an engineering education to provide 
the student with sufficient technical information to earn a living. 
Its main purpose is to develop the student. 


6. The engineer has a responsibility to the society of which he is a 
member, He has the responsibility of being a world citizen. 

Such concepts usually are not found in the common 
engineering courses nor can one expect to find them in a 
course on Chaucer. They do not come from a faculty 
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composed of artisans, technicians, and pedagogues who 
are not scholars. The source of such attitudes will be 
found in those members of the faculty whose education is 
broad, rather than restricted, and whose interests and 
knowledge extend beyond the laboratory and beyond the 
novel, whose interests are in the development of all phases 
of the intellectual ability of the student. 
faculty is a university’s greatest asset. 
The words ‘‘engineering education” are misleading. I 
never have liked this restricted definition of a man’s achieve- 
ments. Why is not an engineer an educated man just 
as much as the physicist, the chemist, the historian, or the 
philosopher? We never label these men with “chemical 
education,” ‘“‘historical education,” or other restrictive 
adjectives. They are accepted as educated men. The 
engineer did not receive an engineering birth. He did not 
lead an engineering life. 


A competent 


He is not given an engineering 


burial. Why, then, must we refer to his training as an 
“engineering” education? Why can he not be considered 
an educated man? Engineering training can provide a 
liberal education once we establish our concepts as to its 
fundamental purpose. Certainly such concepts cannot 
be based on some particular curriculum to which all stu- 
dents must be subjected. The student never should be 
made to fita mold. He should have opportunity to pursue 
studies outside of his major and he should be encouraged 
to do so. Standardization of courses and curricula may 
result in more uniformity in our graduates, but it is con- 
trary to the principles of education. True education 
makes for inequality—the inequality of individuality, the 
inequality of success, the glorious inequality of talent and 
genius. For inequality, not mediocrity, individual su- 
periority, not standardization, is a measure of the progress 
of the world. é; 


Electrets—Nonmetallic Magnets 


Tests, made during the recent surge of nuclear physics 
research, have disproved the belief that permanent magnet- 
ism is a phenomenon exclusively related to metals, and 
have shown that magnetism is a more or less inherent feature 
of every substance, with each atom acting as a magnet 
within the molecule. With new concepts of electricity 
and magnetism, it is known that some of the most highly 
retentive materials are nonferrous. With magnetic theory 
interpreted in terms of electron flow, it is possible that 
assemblies of dielectrics, given permanent electrostatic 
charges, might react like magnets on other material. 

A progress report by Thomas A. Dickinson on applica- 
tions of this theory to plastics was published in the August 
1948 issue of Electrical Manufacturing. He writes about 
plastic “‘electrets,” a term used to describe those dielectric 
bodies which can retain an electric moment after the 
externally applied electric field has been reduced to zero. 

The idea for such substances was suggested by Michael 
Faraday as early as 1839, but the first electrets, using wax, 
were made by Mototaro Eguchi, Japanese physicist, in 
the early 1920’s. His theory stated: ‘When an electric 
field is applied to a melted substance, clusters of molecules 
(which supposedly contain electric doublets) orient them- 
selves with their axes in the direction of the electric field 
so that, when the substance solidifies, the molecules will 
retain their orientation, causing the substance to retain a 
permanent electric polarization.” 

An electret has been described more exactly as a per- 
manently electrically polarized material that exhibits an 
electric field near its surface which remains undiminished 
for years. It may be fabricated by the comparatively 
simple method of utilizing a strong electric field to vary 
the orientation of atoms in certain types of dielectric ma- 
terials. In general, materials from which electrets can be 
fabricated must have a complex molecular structure with 
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enough double bonds to permit reorientation of atoms with- 
out disintegration in the electric field, and must have 
thermohardening or thermoplastic properties which will 
permit the material to solidify from a liquid or near-fluid 
state in the electric field. The material should be more or 
less fluid when first exposed, because its atoms then will 
not be rigidly united and so offer resistance to external 
forces. 

Manufacturing processes have been developed for 
electrets, using plastics and ceramics. Though ceramics 
are useful whenever high-temperature resistance is specified, 
plastics are preferred because they can be fabricated with 
maximum economy, can be made transparent or opaque 
in varied colors, can be compounded with nonplastics 
for desirable properties, and can be machined or shaped 
without danger of damage after electrification. 

Charging currents to electrify resin compounds are 
difficult to compute because of the large number of varl- 
ables. However, an electromotive force of 4,000 to 12,000 
volts meets most production requirements. High amper- 
age is not essential because the exothermal reactivity 
necessitates minimum heating effects within the electric 
field. Electrification and molding of an electret are 
accomplished simultaneously with 2-piece metal molds 
separately charged by the terminals of a d-c power source. 
Standardized specimens have an average charge equivalent 
to one coulomb per second in 5-minute tests, and show no 
appreciable diminution of electrification after more than 
a year. 

Because electrization does not deteriorate readily, it is 
believed that plastic electrets will make inexpensive, highly 
efficient microphones and loud-speakers. Made trans- 
parent, they can find use in the manufacture of optical and 
photographic instruments, and they already are being used 
as a source of energy in midget batteries. 
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The Role of Engineers in Mexico’s Development 


LOULS ALFONSO (Gib ta 


EXICO’S INDUSTRIAL DEVELOPMENT should 

be carried out on bases that would take advantage 
of the peculiarities of the people and of the country. Em- 
phasis should be placed in the production of agricultural 
products of durable nature or of immediate industrial use, 
in the production of refined minerals and of chemical sub- 
stances in bulk. The type of manual workers and of 
technicians available are adapted to this type of manu- 
facture much better than to manufacture in large scale of 
articles of intricate design that require rigid inspection and 
uniformity. é 

Mexico’s oil industry may be depended on to furnish the 
oil needed in the future growth of industry, even if great 
improvements can be made in its organization and per- 
formance, after the trial period through which it has passed 
in the last ten years. The following brief discussion con- 
tains some of the ideas, suggestions, and feelings of many 
men in the oil industry of Mexico. An effort has been 
made to present them in a condensed form in a logical 
aspect and orderly sequence, with the object of presenting 
an over-all view of the general aspect of working conditions 
in the country in relation to the labor of the engineers. 
The problem has been presented as free of prejudice. as 
possible so that a better appreciation may be had of the 
task involved in the planning and carrying out of the 
industrial development of Mexico. 

If the road of industrial development is once chosen, 
the very same forces released by the process will be effective 
in carrying it out still further. Some fundamental con- 
cepts and manners of living of the Mexican people will 
have to be changed, for better or for worse, and a special 
effort should be made to preserve the better gifts of its 
personality. 

The production chosen to be fabricated in large scale 
should be that which is easy to make to rigid and simple 
specifications, such as agricultural products of lasting 
qualities, refined minerals, and chemicals in bulk; this 
in order to prevent that the individualistic nature of the 
people and its inherent disregard of rules of materialistic 
origin should prevent the success of marketing and selling 
products difficult to meet standards exact, but difficult to 
verify. 

Planning should conform to a pattern of dispersed, 
unrelated, independent, and self-sufficient units of cell 
development growth, in which each unit is independent 
on the completion of the preceding one. To achieve 
success a strict adherence to a time schedule should be 
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enforced and the men in charge should be given sufficient 
but not excessive authority. 
A number of serious employment problems face technical 


men. ‘These include such questions as: 


(a). The school training faces the practical training in very trying 
circumstances, specially in the case of young graduates facing ex- 
perienced men of no schooling. 


(b). It has been found that in Mexico few specialists have success 
because there are few employers in need of their services, and they 
have to turn out to become general practitioners. In time, their 
varied experiences turns them into men of general knowledge, with 
common sense, but without acquaintance with the refinements of an 
art or science in particular. 


(c). The admission, salaries, and work assignments of the large 
number of young graduates, in sufficient number to withstand the 
casualties, has to be given serious thought. 


(d). The small number of college-trained men should not be em- 
ployed in positions where they have to attend to mere routine of 
purely administrative nature, just because they command a higher 
salary or a more prominent position. They should be paid better 
for their work as chief engineers even if slightly less than super- 
intendents and contractors. 


Industrial development may be carried out at a rapid 
rate because it has only to graft procedures already evolved 
and in operation in other countries. Means to furnish 
access to technical knowledge to those deprived of plentiful 
means should be made available by suitable libraries and 
current books and magazines. 

The duties imposed on Petroleos Mexicanos are of vital 
importance to the welfare of the country. Its performance 
should not be judged to be ephemeral and haphazard, 
depending on the good or bad luck of a decade. Its 
activities and reserves should be of such nature, that they 
could take in their stride these short periods of adverse 
luck. To the man in the street it is immaterial whether 
new production is found and what volume this production 
does reach. He is interested in his own immediate needs 
and their satisfaction; his judgment of achievement will 
be biased by this understanding. Nevertheless the con- 
census of favorable public opinion is a valuable asset to the 
management of any enterprise, public or privately owned. 
It is a real help in emergencies and smooths and speeds 
the daily dealings. 

It has been suggested that very much attention should 
be paid to the general public opinion in all matters con- 
nected with the everyday services to the public. But 
that in matters of large projects and intricate problems, the 
judgment of the privileged few and of responsible public 
opinion should be the only deciding factors. 

And finally the whole discussion has had as a main 
purpose to stress the fact that it is extremely important to 
choose the best men in order to answer the famous ques- 


tions: what, why, when, how, and most important of all, 
who, will do it. 
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Radio for Telephone Service in irseren 


HL) ROM NES 


MEMBER AIEE 


N THE 30 YEARS since radio first took a regular place 

in the United States’ telephone plant, its use has spread 

into many parts of the telephone network, making possible 
world wide telephony and other extensions of service. 


OVERSEAS SERVICE 


Radio made its entry into the telephone field by provid- 
ing the means for interconnecting the continents. At first 
this was done by a high-powered long-wave circuit from 
New York, N. Y., to London, England, operating at 5,000 
meters or 60 kc. It soon was discovered that the job could 
be accomplished better and more economically with short 
waves in the 3,000-to-30,000-kc range which span great dis- 
tances by being reflected from ionized atmospheric layers. 
Radio circuits operating in this range now make it possible 
for any one in the United States to talk to any country in the 
world having substantial telephone development. Great 
technical advances have been made, one of the more impor- 
tant being the introduction of single-sideband transmission 
which not only improves the service but also permits operat- 
ing two or three telephone channels in the frequency space 
previously assigned to only one channel operated on a 
double-sideband basis. 


MARITIME AND LAND MOBILE SERVICE 


A field where radio has no competitor is in providing 
telephone service to mobile units. High-seas ships are 
served by long range radio facilities similar to those used for 
providing circuits between continents. This service is sup- 
plemented by coastal-harbor service given through 15 
moderate range stations placed at strategic intervals along 
the Atlantic, Gulf, and Pacific Coasts and operated on fre- 
quencies near 2,000 kc. Similar stations serve vessels on 
the Great Lakes. For vessels which remain within harbors 
or on inland waterways, telephone service also is provided 
through short range stations operated near 40 or 150 mega- 
cycles. 

A rapidly expanding service is that provided for cars and 
trucks. This service, which started since the World War II 
and is now available in 100 cities, employs frequency modu- 
lation and operates in the 30—44- or the 152-1 62-megacycle 
ranges, the former being used principally where it is desired 
to provide continuous coverage along a highway by means 
of a chain of stations, and the latter for serving urban areas. 
A typical land station in this service consists of a 250-watt 
transmitter with its antenna on a high building or other 
elevation, together with several fixed receivers placed at 
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favorable locations within the service area to pick up the 
relatively weak signals from the lower powered mobile 
transmitters. A typical mobile station includes a 20-to-40- 
watt transmitter and a receiver, both placed in the luggage 
compartment of the automobile, an antenna mounted on 
the metal roof and a telephone set located below the auto- 
mobile instrument panel. The aim has been to make the 
service as much like regular telephone service as possible 
with the operator dialing the desired car on outgoing calls 
and answering a lamp signal brought in on a call from a car. 
The only important difference is that at the car the user 
must push a button in the handset to talk and release it to 
listen. 


DOMESTIC POINT-TO-POINT RADIOTELEPHONY 


The use of radiotelephony for point-to-point communica- 
tion within the United States until recently has been on a 
relatively small scale. About 100 portable transmitting 
and receiving stations have been made available at strategic 
points within the United States for emergency communica- 
tion when wire lines are destroyed by storm or flood. Also, 
radio is used for regular service to islands and other points 
which are inaccessible to wire lines. For a number of years 
a 12-channel system operating in the 160- megacycle range 
has been in service between Cape Henry and Cape Charles 
across the Chesapeake Bay, this 25-mile radio link being an 
alternative to wire circuits around the bay, a distance of 
over 200 miles. Recently, a number of point-to-point cir- 
cuits employing frequency modulation and operating in the 
150-megacycle range have been established to serve isolated 
areas, such as ranches in Colorado and Death Valley in 
California. 

There is at present great activity in the field of radio re- 
lay systems employing microwaves, that is, the frequency 
range above 1,000 megacycles. A system recently placed 
in service between New York and Boston, Mass., a distance 
of more than 200 miles, operates on frequencies near 4,000 
megacycles, employs seven intermediate radio relay stations 
with a clear line-of-sight path between adjacent stations, and 
provides two communication channels, each more than four 
million cycles wide, in each direction. Each of these broad 
channels can be used for television transmission or for the 
transmission of hundreds of simultaneous telephone conver- 
sations. The transmitted power for each of these channels 
is of the order of one watt and this power is directed toward 
an adjacent station by means of a shielded lens antenna hav- 
ing an aperture ten feet square which focuses the radio 
energy into a beam sharper than that produced by a search- 
light. At the relay station the weak incoming signal is 
amplified and then retransmitted to the next relay station 
and so on to its destination. Plans are well under way for 
similar radio relay systems from New York to Chicago, IIl., 
and along many other routes. 
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GEORGE E. DANA 
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High-voltage transmission lines may be re- 

energized successfully following faults by correct 

application of high-speed relaying, according to 
recent experience on 114-kv lines. 


N the last decade considerable interest has been shown 
in the ultrahigh-speed reclosing of high-voltage trans- 
mission lines. Sporn and Muller have described operating 
experience over a 9-year period on 91 circuit breaker instal- 
lations, the first of which was made in 1936.' ‘The great 
majority of the American Gas and Electric system installa- 
tions were made on 132-kv lines protected by ground wires. 
Single pole reclosing experience on 132-kv lines of the 
Public Service Company of Indiana was described by 
Trainor and Parks? in 1947. The purpose of this article is 
to present the results of 21/) years’ experience with high- 
speed reclosing of two 114-kv lines of the New York State 
Electric and Gas Corpora- 


THE SYSTEM STUDIED 


The general arrangement of these lines with respect to 
the remainder of the 114-kv system is shown in Figure 1. 
The major part of the generation is from steam. Jennison 
station originally was connected to the remainder of the 
system by a single transmission circuit consisting of two line 
sections between the plant and the system. A network 
analyzer study indicated that single pole reclosing would 
not be required to maintain stability between the two sys- 
tems. Therefore, to increase the reliability of this circuit, 
high-speed 3-pole reclosing was installed on both the 
Jennison—Norwich line and the Norwich—Westover section 
in 1945. The latter section is a 4-terminal tine with reclos- 
ing at two terminals only—Norwich and Westover. 

In the 2'/, years following this installation, 40 line faults 
have occurred, 31 of which were reclosed successfully. 
This is only 77.7 per cent successful reclosing as compared 
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GENERAL OBSERVATIONS i 

1. Due to present heavily loaded BENNETT ENORWICE 

system conditions, high-speed re- COLLIERS 


closing generally will improve the 
service. This is especially true 
where generating plants are left 
with a local load above generat- 
ing capacity upon the loss of a tie 
line. In this instance load other- 
wise must be dropped before re- 
synchronizing. Likewise, a sud- 
den drop from full load to a 
smal] load results in inefficient 
operation and extra stress on the 


, : HICKLING 
steam generating equipment. 


2. An investigation as to stability, 
transient shaft torques, relaying, 


and expected service improvement should be made prior to each 
installation. 


3, Since the de-energized period cannot be shortened to less than 
12 cycles, any further improvement in high-speed reclosing will result 


from the use of faster operating circuit breakers and single pole 
switching. 


Essential substance of a conference paper, “Experience With High-Speed Reclosing 
of Transmission Lines,” presented at the AIEE North Eastern District meeting, New 
Haven, Conn., April 28-30, 1948. 


George E. Dana is relay engineer, New York State Electric and Gas Corporation, 
Binghamton, N. Y. 
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JENNISON 


PECKVILLE 


Figure 1. 


Ultrahigh-speed reclosing oil circuit breaker installa- 
tions on the 114-kv transmission system of the New York State 
Electric and Gas Corporation 


——— New York State Electric and Gas Corporation lines 

——-—-— Foreign company lines 

Line sections equipped with ultrahigh-speed reclosing circuit breakers 
@ Ulirahigh-speed reclosing circuit breakers in operation 

” Ultrahigh-speed reclosing circuit breakers under construction 

O Generating sources 
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Figure 2. 


with 90 per cent reported by Sporn and Muller. Based on 
their experience, we expect an increased proportion of 
successful operations in the future. It is of interest to note 
that 39 of the 40 operations occurred on the 82-mile line 
without ground wires and only one on the 20-mile line with 
properly designed ground wires. The construction of the 
two lines is similar in other respects. Reduced to a trip per 
line-mile basis, this gives a reliability factor of ten to one in 
favor of the overhead ground wires although no counter- 
poise is used. 

Due to changes in power contracts and additional trans- 
mission lines, Jennison station with its local 44-kv system 
usually was operated in parallel with the system through 
other connections after July 1946. This afforded an inter- 
esting comparison of the virtues of high-speed reclosing 
under the two following conditions: 

1. With only a steam generating plant, with a small local load at 
the end of a radial line. ‘ 

2. With the reclosing of a tie line between two parts of a system 
held in synchronism by other lines. 

From Table I, it may be observed that operation was 80 
per cent successful without other interconnections and 77.1 
per cent successful with other connecting lines in service. 
This indicates that the unsuccessful reclosures were not due 
to the loss of synchronism. This point also is verified by 
oscillograms. In the five cases of reclosure without other 
interconnections, the plant loading was reduced from full 
load to approximately half load. 

Only one permanent fault occurred during this period 
and was due to an incorrectly formed compression line 
splice which had been in service 20 years. ‘Two other 
faults occurred a few seconds after a successful reclosing 
operation. The reclosing relay, therefore, could not func- 
tion as its timing capacitor did not have time to recharge. 
Eliminating these cases, where successful reclosure was 
impossible, we find 84 per cent successful operations. 

Some concern was felt that the shaft torques developed in 
the turbine generator shaft might be dangerous. This 
point was checked with the designers who agreed that the 
shaft would withstand the strain. Following the installa- 
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tion, staged field fault tests 
and many more reclosing 
tests were made under the 
most adverse loading condi- 
tions attainable. A recent 
turbine generator inspection 
failed to show any evidence 
of damage to the machine 
involved. 


A very similar installation 
of high-speed reclosing now 
is being made on the 114-kv 
circuit connecting Hickling 
station to the 114-kv system. 
A complete study of tran- 
sient shaft torques was made 
for this installation using 
both the a-c network cal- 
culator and the transient 
analyzer. The results of 
this study® indicated that some of the medium voltage 
interconnections should be in service to prevent shaft 
torques above the manufacturers’ guarantee of 3.25 itmes 
normal for repetitive duty and 4.35 times normal for non- 
repetitive duty. 

High-speed reclosing of tie lines between generating sta- 
tions and balance of the system with no other interconnec- 
tions introduces some relaying complications. On the 
Jennison—Norwich line, negative-sequence phase-compari- 
son carrier relaying is used and on the 4-terminal Norwich- 
Westover line, directional-comparison carrier relaying is in 
use. ‘The staged fault tests showed that, because of the 


Table I. Experience With 20-Cycle Reclosing of 114-Kv Lines 


August 1, 1945, to January 71, 1948 


Per Cent 
Line Total Successful Unsuccessful Successful 
All line faults 
Jennison—Norwich........-..+.+ 1.....-.4.+ Listers ceetererg = Ae coe o.c 100 
Norwich—Westover...........-- OO) uae nceareeies BQ iets acters EO reretere aussie 77 
AO accuses € 31S. eee < H ais'e a\crenaieiee 77.7 
With other interconnection 
Jennison—Norwich........6..66. Leseeeeeeeee Ly Adare RCTS OSayerentae ees 100 
Norwich—Westover.......+++5++ Se SS ee 26 ok mei mote 48 oe heanuaat ais 76.5 
SD ic w sine ae tes Dil ders elie RS ag Aes eee ie 
Without other interconnection 
Jennison—Norwich........+++++-+- Oircsieanbienies Li nee: O05 0 
Norwich—Westover......-.++-++ BS cuss caascarn ares ts A eee cress US. ese 80 
Be wvareteatesstagel Bete aoe cs | icencewan 80 


* Includes five restrikes, one permanent fault, and two cases where timing capacitor was 
not recharged and ready for reclosing. 


impossibility of re-establishing all 3-phase connections in a 
circuit breaker at the same instant, the relays received an 
indication of a ground fault although none existed, thus 
incorrectly retripping the circuit breaker upon reclosure. 
This was remedied in the case of phase comparison relays 
by using a low value of zero-sequence multiplier. In 
directional comparison relays three cycles of blocking was 
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applied along with each high-speed reclosure to allow this 
transient effect to die out. 

The oscillogram, Figure 2, shows the resynchronizing cur- 
rent to be of the same order of magnitude as fault currents 
which results in the operation of the carrier starting relays. 
Some effect of the irregular re-establishment of circuit 
breaker contacts is shown in the “114-kv neutral current” 
trace. 

Tests have shown that the incorrect phase comparison 

‘relay operations referred to in the foregoing were the result 
of the difference of transient response of supposedly similar 
bushing current transformers and not of inherent relay de- 
sign. 
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Fluoroscopic X-Ray Image Amplifier 


A fluoroscopic X-ray image amplifier now being con- 
structed at the Westinghouse Research Laboratories is 
based on information gained in four years of intensive 
study resulting in the actual amplification of an X-ray 
image. Basically it will consist of a high vacuum tube 
that electrostatically focuses and accelerates an electron 
stream. When perfected, the device will take the form of 
an attachment for standard fluoroscopic equipment. 

In present-day fluoroscopy, the physician must dark- 
adapt his eyes for 20 minutes. Even then with the low 
brightness available in most difficult cases, such as a large 
abdominal thickness where the brightness may be as low 
as 0.00005 millilambert, a separation of 1/4 inch is necessary 
before contours can be distinguished. Furthermore, this 
1/4-inch figure applies only in measurements where the 
contour lines separate regions with a contrast of 100 per cent 
as in contours between black and white. While this is an 
extreme case it compares with 30 millilamberts brightness 
and 0.001-inch contour separation as normal conditions 
for observing X-ray plates. A brightness of 0.001 milli- 
lambert with a required contour separation of 1/32 inch is 
about the center of the fluoroscopic range. 

The new image amplifier increases the brightness of the 
fluoroscopic image after the X-rays have passed through 
the patient. This solution to a long felt problem is neces- 
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Figure 1. X-ray image amplifier 
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sary because the X-ray intensities are already at the pa- 
tient’s tolerance level and is possible because the sensitivity 
of the physician’s eyes are the main limitation to effective 
fluoroscopy today. Fluorescent screens now have a gross 
efficiency of about three per cent so that even a theoretically 
perfect screen would be only about 30 times as bright. 
Thus screen improvement alone cannot achieve the desired 
brightness gains. 

With the image amplifier tube attached to his equipment 
he still may have to dark-adapt his eyes, though for only three 
or four minutes, before he can see all the details. Increased 
brightness of the X-ray image has been attained by con- 
verting the X-ray quanta into light with a fluorescent 
screen and thence to electrons by means of an adjacent 
photoelectric surface. These electrons are accelerated by 
a high potential placed across the vacuum tube, giving a 
brightness gain of 20 times. A further factor of 25 in 
brightness gain is attained by electrostatic focusing of the 
electron stream to reduce the image to one-fifth of its size. 
The reduced image, now brightened 500 times, impinges 
on a phosphor output layer that converts it back to a 
visible image. The visible image is observed through a 
conventional optical system that magnifies it by a factor 
of five back to its initial size. The tube is shown in Figure 1. 

The future possibilities for fluoroscopy with the addition 
of amplification are manifold. Both patient and doctor 
will save time and cut down on the length of time they are 
exposed to direct and scattered X-rays. In addition to 
shorter examinations such techniques as the use of the 
wafer grid, stereofluoroscopy, and even the televising of 
fluoroscopic images well may become practical. All 
these possibilities are in addition to the great advantage 
that the physician will be able to perceive objects at present 
indiscernable. 

The image amplifying system is just emerging from the 
research stage. Many months of perfection and design 
engineering remain to be done before the device is com- 
mercially available. The research has, however, irre- 


futably proven the practicability and immense importance 
of the device. 
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The Bellingham Hydraulic Log Barker 


VecCom lA NL 


RODUCTION of the higher grades of wood pulps 

requires that the bark be removed from the logs as the 
initial process in preparing the wood for manufacture into 
pulp. Phenomenal savings in pulp wood and labor are 
being realized by Pacific Northwest pulp and paper mills 
using full-sized-log debarking machines, capable of debark- 
ing logs 6 to 80 inches in diameter, by 26 feet long. The 
success gained with this latest Bellingham barker has re- 
sulted in marked attention being given to additional instal- 
lations of this design in both large and small capacity. ‘The 
older wasteful methods of debarking small cut-up sections of 
the tree are becoming obsolete. 

Three other types of big-log hydraulic barkers preceded 
the Bellingham type during the past five years, all of which 
are in successful operation. © These are the lathe, log index- 
ing, and segmental ring types. These barkers all use high 
pressure water directed against the log by a nozzle. By 
electric controls, the nozzle and log are moved so that the 
full area of bark is covered. The powerful jets blast away 
the bark, leaving a clean log surface. A ‘“‘barkerman”’ is 
required to manipulate the controls. 

In the Bellingham barker the log is supported in and 
rotated by two sets of trunnion rolls, as indicated in Figure 1. 
The nozzle traverses the log axis. The principal advantages 
of the Bellingham barker are the ease and speed with which 
the barkerman can manipulate the machine to bark the 
variety-of-woods logs. In addition to the perfect specimens 
these include those with oversize or elliptical butts, rotted 
sections, splits, crooks, and other crippled forms. ‘The 
barkerman controls all machinery movements required. 

Multistage high-pressure induction-motor-driven centrif- 
ugal pumps are used to feed the nozzle. Six-inch nozzle 
barkers require about 500 horsepower to drive the pump 
while a 24-inch nozzle requires at least two 800-horsepower 
pump sets, but under some conditions steam turbines may 
be justified. 

The log roll motor must be capable of starting, revolving, 
and tumbling logs of all shapes and sizes within the ca- 
pacity of the barker. The trunnion speed will vary from a 
“creep” for the largest poorly shaped logs to a maximum of 
about 40 rpm. A d-c reversing adjustable-speed shunt 
motor and gear unit, powered from a reversible-polarity 
adjustable-voltage generator, provides the most satisfactory 
drive for the larger units. A similar selection is made for 
the carriage drive motor, which is connected to the load 
through a speed reducer and propulsion cable drum. 

It is necessary to adjust the nozzle distance from the log 


Digest of paper 48-190, “The Bellingham Hydraulic Log Barker,” recommended by the 
AIEE general industry applications committee and approved by the AIEE technical 
program committee for presentation at the AIEE Pacific general meeting, Spokane 
Wash., August 24-27, 1948. Scheduled for publication in AIEE TRANSACTIONS, 
volume 67, 1948. 


V. C. Haner is with the Puget Sound Pulp and Timber Company, Bellingham, Wash.; 
and H. A. Rose is with the Westinghouse Electric Corporation, Seattle, Wash. 
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for most effective barking. This may be done by hydraulic 
or air cylinders, lead screw and motor mechanism on the 
carriage, or by traveling cable arrangement to a stationary 
motor and drum unit apart from the carriage. The first 
method presents no particular electrical problems, the 
others require special consideration as regards application 
of the motors because of the frequent starting required. 
The highest speed nozzle drives may require from 8 to 15 
nozzle adjustments per minute. The time interval that the 
motor runs is very short and little cooling is afforded by rota- 
tion. Ordinary induction motors are satisfactory, but may 
require forced air cooling. 

The barkerman’s controls should be designed to minimize 
both physical and mental fatigue. The variability of log 
sizes and their conditions greatly multiply the complexity 
and co-ordinated handling requirements with which he 
continually must deal. It is usually preferable to use 
control levers to set speeds and operations not requiring fre- 
quent change and to use top-of-lever push buttons for con- 
trolling the more frequent motions. 

The success attained to date with this barker indicates 
that modifications in design and arrangement will be 
numerous to suit the additional requirements of very small 
and very large log debarking. It also is expected that the 
barker will find use in other industries and sections of the 
country. A particularly attractive application is in large 
saw mills, to remove the bark prior to the logs reaching the 
head saw, to improve the yield in lumber, conserve by- 


- product pulp wood, and reduce saw maintenance. 
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Figure 1. Typical layout of Bellingham-type barker plant 
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Telemetering Circuits—Metallic 


and Carrier 


M, A. BOS TWLCEK 


ASSOCIATE AIEE 


TDHE ART of telemetering has enjoyed a steady develop- 

ment for 30 years. The increased number of power 
system interconnections and the increased operating efh- 
ciency that is to be gained by use of automatic load control 
warrant careful study of the circuits that are used to trans- 
mit the required information. It is expected that as tele- 
metering systems expand more multicircuit carrier channels 
will be used. Protective relay and communication circuits 
will be combined with telemetering circuits. Space radio 
probably will be added to provide trunk line service for 
communication, telemetering, supervisory, and protective 
relay control in locations that cannot be served economi- 
cally by other means. 

Power systems that are concentrated in metropolitan 
areas, and have few interconnections, generally use tele- 
metering circuits similar to those illustrated in Figure 1, 
which illustrates the measurement, transmission, and re- 
cording of power and reactive volt-amperes throughout a 
power system. The information is placed in front of the 
load dispatcher to guide him in controlling operation of 
the power system. 

Larger systems that include widely separated generating 
stations are served better by telemetering circuits that are 
somewhat different but it generally is found that extensive 
telemetering systems include elements of both. Generating 
plants that are located in and close to cities frequently re- 
quire short links between points of measurement and local 
dispatching offices where the information is gathered for 
trunk line transmission to the system dispatcher’s office. 
Aneconomical solution to these problems requires considera- 
tion of all telemetering systems. 

Telemetering transmitters can be divided into three 
classifications: voltage, current, andimpulse. The voltage 
and current types must be linked to their associated receivers 
through twisted pairs of wires, enclosed in lead sheaths or 
similarly protected to exclude disturbing voltages that 
usually originate in power system faults. Impulse trans- 
mitters are less subject to interference by voltages that are 
introduced into metallic circuits by induction and rise in 
station ground potentials. However, their principal use is 
in connection with carrier frequency transmitters. 

Carrier frequency circuits can be classified as single func- 
tion or single frequency circuits, tone modulated circuits, 
protective relay circuits, and single-side-band circuits. 
Frequently all types will be needed to build an efficient tele- 
metering system. As indicated in Figure 1, separate me- 
tallic circuits are required for transmitting measured in- 


Digest of paper 48-194, recommended by the AIEE joint subcommittee on telemetering 
and approved by the AIEE technical program committee for presentation at the AIEE 
Pacific general meeting, Spokane, Wash., August 24-27, 1948. Scheduled for publi- 
cation in AIEE TRANSACTIONS, volume 67, 1948. 


M. A. Bostwick is relay application engineer, Westinghouse Electric Corporation, 
Newark, N. J. 
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Figure 1. Block diagram of telemetering circuits using metallic 


and carrier circuits 


formation by use of the thermal converter, which is typical 
of the voltage-type transmitter. Impulse transmitters are 
used to key a number of audio frequency tones for transmis- 
sion over a single pair of wires or over a single carrier chan- 
nel. Other systems may use single-side-band tone-modu- 
lated carrier transmitter-receivers in a telemetering and 
load-frequency control circuit; only two carrier frequen- 
cies are required. 

To obtain most efficient use of the carrier frequency spec- 
trum for telemetering, load control, protective relay control, 
and communication, all types of circuits must be used. It is 
expected that future installations will make greater use of 
multichannel circuits. Tone modulation of carrier chan- 
nels and joint use of carrier equipment provide economies 
in use of material and carrier frequency spectrum that can- 
not be overlooked. ‘These circuits probably will be linked 
by space radio in locations where service requirements and 
physical limitations permit. 
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Snow Static on Aircraft 


WILLARD H. BENNETT 
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T IS generally recognized 

that the most serious form 
of precipitation static on air- 
craft is snow static, which is 
due to electrostatic charging 
of the aircraft by friction with 
ice crystals and snow par- 
ticles. Although the corona 
currents from the aircraft re- 
sulting from this kind of 
charging do not reach the 
large momentary values 
which can occur when the ; 
airplane flies near or through charged clouds like those 
which occur under thunderstorm conditions, the corona 
resulting from ice crystals and snow frequently blanks 
out all radio reception on an airplane for long enough times 
for the pilot to get entirely off course and into trouble. 
Conversely, frequent enough interludes of reception usually 
occur between bursts of static under charged cloud condi- 
tions to enable the pilot to recognize range signals and keep 
on course. This article will be confined to the more serious 
navigational hazard, snow static. 


Figurei1. Current 

discharged from 

an airplane as co- 

rona, as function of 

the accumulated 

charge on the air- 
plane 


—— > CURRENT (1) 


Prior to 1941, 
some excellent 
work was done 
to reduce the 
radio _interfer- 
‘ ence caused by 
snow static. ‘The 
shielded loop 
antenna was developed by Transcontinental and West- 
ern Airlines and reported by Morgan.1 The trailing 
wire discharger was studied by United Airlines and re- 
ported by Hucke? in 1939. Each of these developments 
produced a definite and demonstrable improvement in 
radio reception under snow static conditions. 

From about this time until 1943, the writer conducted 
extensive flight researches on the problem, but could not 
carry the problem to a final conclusion because an adequate 
type of airplane could not be obtained for this project on the 
grounds that this was “long-range research.” Thus this 


Willard H. Bennett is chief of the physical electronics unit, division of atomic 
physics, National Bureau of Standards, Washington, D. C. 


Report of work performed while at the Electronics Research Corporation, 1937-41, 
and during active duty as major, Signal Corps, at Wright Field, Ohio, 1941-43 
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Dependence of airplanes on static-free radio 
reception gives critical importance to the process 
of electrostatic charging by friction with ice 
crystals and snow particles, which produces 
corona discharge and resulting radio interfer- 
ence. Several methods have been proposed for 
the elimination of static with varying results. 
One, described here, is neutralization of the 
charge by artificially activating negative corona 
discharges of a type that does not interfere with 
radio reception. 
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work remained as a report 
instead of a finally developed 
device when the writer went 
overseas in 1943. 

At this time, a joint Army- 
Navy Precipitation - Static 
Project was organized pri- 
marily to overcome the resist- 
ance of the Army Air Forces 
to assigning adequate aircraft 
to the problem. The writer 
was surprised, to say the least, 
to find upon his return from 
overseas duty that the group on the Army-Navy project 
had ignored his previous work entirely and taken off on 
other approaches to the problem. 

The conclusions as published by the Army-Navy group* 
as regards snow static were that the so-called “wick dis- 
chargers”? in combination with a polyethylene-insulated 
wire antenna constituted a solution of the problem, and it 
was directed that military aircraft be so equipped. That 
these could not possibly be even as effective as the methods 
developed prior to 1939 can be seen from the following. 

The easiest way to dispose of the wick is to draw attention 
to some recent measurements made by Beach‘ in which it is 
demonstrated 


1. That wicks cannot relieve an airplane of nearly as much static 
charge as could an equal number of sharp metal points. 


2. That the interference with radio reception caused by any dis- 
charge from a wick is just as severe as an equal discharge current from a 
sharp metal point. 


The writer is indebted to Beach for publishing those experi- 


Figure 2. Location of sharp pointed metal probes used in flight 
tests 
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ments as otherwise a lengthy analysis of some of the writer’s 


earlier experiments on corona discharge would have been 


needed to prove the same conclusions. 

With respect to the polyethylene-insulated wire antenna, 
it should be appreciated that the housing about the shielded 
loop antenna is a conducting surface whose radius of curva- 
ture is of the order of inches, and that the shielded loop is 
mounted near the fuselage. Although the loop obviously 
cannot support corona discharge at all, nevertheless, recep- 
tion is lost on the loop soon after it is lost on the wire anten- 
nas as one is flying into increasingly severe snow static 
- conditions, as has been well known since 1936. The writer 
is entirely at a loss to understand how the Army-Navy group 
could expect an insulating sheath of greater curvature in a 
more exposed position to result in reception which is even 
comparable with that from a shielded loop antenna. 

Although these arguments would seem conclusive, never- 
theless the electronics subsection at Wright Field recently 


Figure 3. Tail probe, and charger, mounted on the tail cone 


has refused to complete the tests proposed by the writer and 
interrupted in 1943. For this reason it is believed of interest 
to summarize the work and to present the nature of the pro; 
posed final tests in order that any airline or other interested 
agency can proceed if it so desires. 


NEGATIVE CORONA 


The polarity of the electric charge received by an air- 
plane in flight is snow static conditions in general is negative. 


NO CHARGE NO CHARGE 
(NO MOTION) (AIRPLANE IN FLIGHT) 
A B 


POSITIVE CHARGE ON AIRPLANE NEGATIVE CHARGE ON AIRPLANE 


(AIRPLANE IN FLIGHT) (AIRPLANE IN FLIGHT) 
C D 


Figure 4. Operation of the charger 
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This charging continues at a rate which is independent of 
the amount of negative charge already on the airplane and 
depends only upon the impact conditions of the particles 
and the airplane.*§ Unless other provision is made, this 


negative charge accumulates until it discharges as corona 
from exposed wires, corners, and edges on the airplane, and 


Figure 5. Current- 
charge character- 
istic of the charger 


causes the inter- 
ference with ra- 
dio reception 
known as snow 
static. 

The 


CURRENT FROM CHARGER 


charac- 
teristic features 
of the negative 
corona discharge 
have been pub- 
lished.78 It has 
been demon- 
strated that the 
ionizations which produce practically all of the negative 
charge in the negative corona from a point occur in a 
hemispherical shell concentric with the center of curva- 
ture of the tip of the point, and that the thickness of this 
ionization cap is about the same for the sharpest points that 
can be produced for laboratory studies as it is for points and 
wires of the kinds occurring in exposed places on an air- 


Figure6. Current- 
charge character- 
istic of the charger 
and the discharge 
characteristics of 
the airplane with 
wood (dotted line) 
and metal (dashed 
line) propellers, 
respectively 


CURRENT FROM CHARGER 


plane. The elec- 
trons produced 
at the discharg- 
ing wires and Ws 
points combine eae, 
immediately with ‘ 
oxygen molecules 
to form negative i 
molecular oxy- / 
gen ions whose 
mobility has been 


— > CHARGE 


measured and is 2 centimeters per second per volt per 
centimeter. It has been shown further that the potential 
drop through this ionization and attachment sheath re- 
mains of the same order of magnitude while the sharpness 
(inverse radius of curvature) of the discharge point or wire 
is varied by a factor of 100 (reference 9). 

The negative ions arising at the sheath boundary provide 
a space-charge-limited current which can be calculated as 


ELECTRICAL ENGINEERING 


: 


Figure 7. Diagrams to explain variation of probe current in 
synchronism with the variation of the sound intensity from 
propellers and engines 


follows. The mobility of the negative ions is K in 
u=KE 


where uw is the velocity of drift of the ion, K equals 2 centi- 
meters per second per volt per centimeter at normal pres- 
sure and temperature, and E£ is the electric field intensity. 
The direction of drift in this case is always the same as the 
direction of the electric field and is different in this respect 
from the motion of electrons or ions in vacuum. 

The current-voltage relationship for the corona discharge 
can be derived by a method similar to that used before. !° 
Considering the region between the sheath boundary and 
any collecting electrode of any shape whatsoever, suppose 


Figure 8. Dis- 
charge curve for 
an airplane used 


i ol 

Z to define the limit- 
= ing charge for 
a radio range recep=- 
tion 


that there is an 
electric poten- 
tial distribution 
V(x,y,2) which is 
a function of 
position, and 
represent the 
potential at the 
sheath boundary by V» and the potential at the collecting 
electrode by V;. During the steady state condition being 
considered, the charge distribution between the sheath 
boundary and the collecting electrode satisfies Poisson’s 
equation 
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where p is the charge density. We now increase the poten- 
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Figure 9. Improve- 
ment in the dis- 
charge curve for 
an airplane pro- 
duced with trail- 
ing wires and 
sharp metal points 


tial by a con- 
stant factor a 
everywhere, and 
produce an in- 
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crease . in . the 
charge density ——> CHARGE 
everywhere by 


the same factor, 
thereby obtain- 
ing anew field dis- 
tribution which 
again satisfies 
Poisson’s equation because 


1 
a.p =7 AV) 


The total current flowing can be found by integrating the 
current density over any equipotential surface. If 7 is the 
current density 


i=p.u 


where 7 has the same direction as u which has the same direc- 
tion as EF and so is normal to the equipotential surface every- 
where. The total current is 


I= f fids=f fouds=f fio KEas 


where the integrations are over the equipotential surface. 
After the potential is increased by the factor a, the current is 


I= ff apKakds=a ff pKEdS=c'l 


Figure 10. Im- 
provement in the 
discharge curve 
for an airplane 
produced with 
wick dischargers 
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From this it is 
seen that the 
space - charge - 
limited corona 
current is pro- 
portional to the 
square of the fac- 
tor by which the 
voltage differ- 
ence (Wi—Vo) 
between the sheath boundary and the collecting electrode 
is increased. This relation of course is true regardless of 
the shapes of the electrodes. The relation can be written 


I=A(Vi—Vo)? 
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where A is the proportionality constant. If V; is the poten- 
tial difference applied between the electrodes, it follows that 
V, is the potential drop through the sheath which as men- 
tioned before is constant to a first approximation for all 
corona electrodes. 


CORONA DISCHARGE FROM AIRCRAFT 


In considering the space charge limitation of corona cur- 
rent from an airplane in flight, it must be appreciated that 
the electric field due to the charge on the airplane diverges 
all the way to the collecting electrode which may be the 
ground, and further that the most rapid divergence occurs 
near each discharging point on the airplane. In fact, the 
region near the sheath boundary exerts the principal effect 
by controlling the ionization by avalanches as is discussed in 
detail in the references.”® 

The electric field at every point on the airplane is propor- 


Figure li. Charg- 

ing dischargers 

mounted on trail- 
ing edges 


tional to the to- 
tal charge on the 
airplane, except 
for the small re- 
distributions 
near the dis- 
charging points 
due to the space charge. Thus, for the potential drop 
through a distance equal to a sheath thickness to exceed 
the minimum voltage Vo, the airplane must accumulate a 
minimum charge Qy) which is proportional to Vo, after 
which the corona current is proportional to (Q—Qp)? where 
Q is the total charge on the airplane. The equation for 
each point has the form 


T= B(Q—Q)? 


where B is the proportionality constant. 


The total dis- 


Figure 12. Charg- 
ing dischargers 
mounted on sur- 
faces near extremi- 
ties of the airplane 


charge current 
from the air- 
plane is then the 
sum of — such 
terms for all 
the discharging 
areas where the 
contribution of each discharge wire or point is proportional 
to the area of its sheath boundary and not its own actual 
area. The value of Q) which determines the total charge 
on the airplane necessary for each point to go into corona 
varies with the position on the airplane. However, the 
contribution to the total corona of dull points and of 


950 


Bennett—Snow Static on Aircraft 


points well inboard is reduced by the larger value of Qo, 
so to a good approximation, the total corona current from 


the airplane is given by 


T=C(Q—Q)? 

Such a curve representing the current discharged from 
an airplane as corona as a function of the total charge Q 
on the airplane is shown with the solid line in Figure 1 as a 
parabola i=C(Q—Qp)? with the point of tangency to the Q 
axis at Q». If the airplane were to acquire positive charge, 
the dependence of current and charge would be like that 
shown with the broken line, which for corona in air has very 
nearly the same form as that for negative corona but with 
polarities reversed. For some gases other than air, large 
differences do occur, however.!%1!! 

Increasing the speed of the airplane or increasing the size 
of the airplane increases the current at each value of charge 
and so expands the current scale, but this does not change 
the result that the form of the curve is approximately a 
parabola with a nonzero point of tangency. This result 


Figure 13. Esti- 
mated improve- 
ment in the dis- 
charge curve for 
an airplane pro- 
duced with charg- 
ing dischargers 


a 
has been con- a 
firmed by flight 5 
tests and also i 
has been con- 


firmed by the 
curves published 
by other inves- 
tigators!? al- 
though those in- 
vestigators did 
not interpret 
their curves in 
this way. 
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EQUIPMENT FOR FLIGHT TESTS 


In most of the flight research conducted in 1941-43, the 
airplane was equipped with sharp pointed probes in oppo- 
site directions on three mutually perpendicular axes as 
illustrated in Figure 2. Connection with each probe was 
made to ground through a 997 tube shunted with a capacitor 
so that the flashing rate of the tube was a measure of the 
current. Which of the two half circular electrodes flashed 
indicated the polarity of the current. The sensitivity was 
better than one microampere for each probe circuit. A 
steadily moving photographic film in a modified motion- 
picture camera was used to record the flashing tubes. 
Simultaneous recordings could be made of currents to other 
attachments as required by the study in hand. 

This kind of installation was used in order to distinguish 
between true snow static and any effects due to nearby elec- 
trically charged clouds, a precaution which other observers 
generally have failed to take. 

A typical probe is shown attached at the end of the tail 
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cone in Figure 3 and below it in that figure is shown a partial 
section of the artificial charger used in these experiments. 
The probes were adjusted for length so that when the 
plane was flown in absence of snow or charged clouds and 
was being charged using the charger, each probe discharged 
the same current. For this balance, the wing tip probes 
were about two inches long, the nose and tail probes about 


one foot long, and the top and bottom probes were about 
five feet long. 


. 


CHARACTERISTICS OF THE CHARGER 


The operation of the charger is illustrated in Figure 4. 
Corona from the sharp-pointed electrode is produced to- 
wards the coaxial cylindrical surface by use of a high voltage 
rectifier. The rectifier was a particularly simple and hardy 
one using a gas-filled cold-cathode type of tube.!* Figure 
4A shows the direction of motion of the ions when the air- 
plane is at rest, as, for example, when standing on the 
ground. All of the ions, which of course have the same 
polarity as the pointed electrode, are collected by the 
cylinder. ’ 

The situation in flight, when the charger is first turned on, 
is illustrated in Figure 4B, where it is shown that the move- 
ment of air through the cylinder changes the direction of 
motion of ions somewhat, and some of the ions are blown 
away from the airplane, leaving a charge on the airplane 
opposite in polarity to that of the sharp electrode. This 
charge accumulates on the airplane. If there were no 
places on the airplane from which this charge could leak off 
as corona, a situation would be reached such as shown in 
Figure 4C where the air is trying to blow ions away but the 
charge of opposite polarity on the airplane draws these ions 
back and does not allow them to escape. 

An analysis shows that the current which the charger 
delivers to the airplane as a function of the charge accumu- 
lated on the airplane is like that shown in Figure 5. This is 
a theoretical curve and the values of the numerical scales for 
each of the two co-ordinates would depend on the size of 
the charger and the speed of the airplane. Point 3 is the 
condition of charge corresponding to Figure 4B when the 
charger is first turned on in flight. 

As the airplane becomes charged, the ion flow ap- 
proaches that shown in Figure 4C, and the current will go 
clear to zero as at point 1 in Figure 5, unless the charge can 
leak off as corona. 

The same curve is shown in Figure 6 and in addition, the 
discharge curves are given as broken lines for the airplane 
equipped with compressed-wood propeller blades and with 
metal blades, respectively. In each instance, the accumu- 
lated charge on the airplane reaches a steady value where 
the current supplied the airplane is just equal and opposite 
the current leaking off the airplane as corona. Point 2 is 
the condition where the charging current equals the dis- 
charge current with wood propeller blades. 

That the theoretical curve of Figure 5 is consistent with 
observations made in flight can be seen as follows. Point 1 
is the condition of charge which would be reached if no 
corona occurred from the airplane as illustrated in Figure 
4G. Point 2 is the condition attained in flight tests when 
wooden propeller blades were used. It was observed in 
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flight that the total of the current from all the probes was 
just equal and opposite to that from the charger. Point 3 
represents the condition with metal propeller blades. In 
this case it was observed in flight that the current from the 
charger was a little greater than that from the probes. 
Point 4 represents the initial value of current when the 
charger is first turned on as illustrated in Figure 4Be wlit 
was observed in flight that the charger current meter re- 
ceived a large ballistic throw the instant the charger was 
turned on, following which the charging current assumed 
the steady value which was lower. When the airplane was 
flying at about 10,000 feet in fine snow at temperature about 
0 degrees Fahrenheit, the charger current was greater than 
50 microamperes, the limit of the meter being used. A 
point 5 in Figure 5 represents this situation which corre- 
sponds to Figure 4D with the pointed electrode in the 
charger held at a negative potential. 

Although this charger was designed for use in fair weather, 
these observations suggested a modification which will be 
described later for a more nearly ideal method for eliminat- 
ing snow static. 


CORONA FROM PROPELLER TIPS 


After the lengths of the probes were adjusted so that each 
discharged equally when the charger was used in clear 
weather, the airplane with metal propeller blades was flown 
in ice crystals and snow. In one test, the total current 
from the probes was put through a resistance and the poten- 
tial drop in the resistance measured with a cathode ray 
oscillograph. It was observed that the current from the 
probes varied at about 60 cycles and that the amplitude 
varied between zero and a maximum. This variation in 
amplitude kept time with the variation in sound intensity 
from the two propellers, due to lack of exact synchronism of 
the two motors. As the pilot readjusted the throttle setting 
from time to time, this beat frequency in the sound ampli- 
tude from the two motors changed from about one per five 
seconds to about two per second, and the variation in the 
amplitudes of the wave form on the oscillograph kept up 
with each variation in beat frequency. 

In order to understand this observation, Figure 7 should 
be examined. Supposing that the current collected by the 
airplane by friction remains constant, the current from the 
probes must vary oppositely to the current from the rest of 
the airplane. The only parts of the airplane whose ex- 
posure to corona-inducing fields is varying at this frequency 
are the two blades on each of the two propellers whose 
speed was about 1,800 rpm (actually 1,770-1,820) and hence 
whose frequency of exposure was just the frequency observed 
60 cycles per second. The variation in current from the 
probes was just the variation in deficiency of current from 
the propellers due to their motion between vertical and 
horizontal positions. While the propellers are parallel, the 
corona from the propeller tips should vary a maximum 
amount, and when the propellers are in directions at right 
angles, the variation should be a minimum except for a 
possible second-order 120-cycle variation. 

From this observation together with the fact that the 
charger current for clear weather is smaller when wooden 
propeller blades are used than when metal propellers are 
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used at the same speed, it was concluded that the propeller 
tips provide an important part of the total corona discharge 
from the airplane. This is to be expected for several rea- 
sons. The propeller tips are thinner and have sharper 
edges than most other parts. There is a partial vacuum 
near them, and the mobility of negative ions increases with 
the decrease in density of the air. A last and probably 
greatest distinction is that the propeller tips are moving at a 
speed much greater than the rest of the airplane and conse- 
quently the space charge limitation of current may be 
modified appreciably by the tendency of the blades to move 
away from the space charge while this kind of effect does not 
appreciably modify the space charge relation for other sharp 
places on the airplane. 

One of the observations on the corona discharge made in 
laboratory studies!4 was that negative corona changed over 
from the radio-silent form to the interfering form at a much 
lower current from an edge than it did at a point with the 
same radius of curvature. 

It is concluded that the principal source of interference 
on the shielded loop on an airplane in flight in snow is 
corona from propeller tips. Such a conclusion obviously 
could not be tested on an airplane suspended on string in- 
sulators in a hangar and raised to a high voltage, so the tests 
made in a hangar by the Army-Navy group are believed to 
be inadequate, and their conclusions disregarding the 
propeller tip discharges unjustified. 


GENERAL RELATIONSHIPS 


As mentioned earlier, the static interference on the wire 
antennas becomes too severe to permit reception of range 
signals before it becomes too severe on the shielded loop 
antenna. It is common practice when flying into increas- 
ingly severe snow static conditions for a pilot to switch to the 


loop when reception becomes impossible on the wire anten- | 


nas. By doing so, the pilot gains a little additional time 
during which he can read the range signal before he loses all 
use of his radio. 

This can be related to the discharge curve for the airplane 
as follows: In Figure 8 is shown a parabolic discharge curve 
like that shown in Figure 1. Increasingly severe snow static 
conditions correspond to moving along the curve, away 
from the origin. At some point B the interference becomes 
too severe to permit reception on a wire antenna, and at a 
larger value of friction charging current, as at point A the 
loop becomes impossible to use. 

From the familiar theorem of electrostatic field theory, 
the field intensity on each point on the airplane is propor- 
tional to the total charge on the airplane. Thus the corona 
discharge from each point on the airplane is fixed by the 
electric field at that point on the airplane, which in turn is 
fixed by the total quantity of charge on the airplane. In 
this way it is seen that the limiting condition for use of the 
loop antenna is that the total charge on the airplane must 
remain less than the quantity Q, which is the abscissa of the 
point Ain Figure 8. Similarly, the limiting charge Q,, per- 
tains to the wire antenna, and is a smaller quantity. 

In this curve and in following curves, the numerical 
scales will depend on the type of airplane and the speed at 
which the airplane is flown. An estimate of magnitudes 
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for a B-77 can be obtained by seeing a curve published by 


some of the Army-Navy group.!2 However, the point of 


this discussion involves only relative values and not absolute 
values. Numerical scales will not be needed for showing 
the relative positions of curves and critical points on those 
curves, so scales will not be put on Figure 8 and those which 
follow. 

In Figure 9 the same curve as shown in Figure 8 is repre- 
sented with the dashed line R. Suppose that the airplane 
is equipped with a trailing wire, and with a number of sharp 
points on the extremities, and suppose that the current dis- 
charged by these wires and points is represented by the 
dotted line §. The total current which is discharged by the 
airplane and the wires and points together is then neces- 
sarily the sum of the ordinates of the two curves and is 
represented by the curve T. If the trailing wires and metal 
points are sharp and spaced far enough from each other, 
they will produce negligible interference with radio recep- 
tion, and the only corona discharges which prevent radio 
reception are the same discharges which did it on the 
untreated airplane as discussed in connection with Figure 8. 
Consequently, it is seen that the point on the solid curve 7 
in Figure 9, at which all radio reception on the airplane be- 
comes lost, is the point where the abscissa is the same value 
of Q, which applies in Figure 8. From this it is seen that 
providing the airplane with trailing wires and sharp points 
has increased the tolerable snow static current pickup from 
point 1 to point 2 along the curve R, which represents a 
small improvement. 

In a like manner, one can examine the effect of hanging 
numerous “‘wick dischargers” on an airplane as illustrated 
in Figure 10. Here again, the dashed curve RF represents 
the untreated airplane. The dotted line S representing a 
large number of wick dischargers is drawn as a straight line 
and not as a curve. Not only does analysis of Beach’s 
observations show that this is a proper representation, but 
examination of a curve published by the chief proponents 
of the wick!> shows the same thing. Although those authors 
tried to force a curve into the data, examination of the 
experimental points shows that the data fit a straight line 
much better than a curve. In this case the improvement is 
less than would be obtainable with trailing wires and sharp 
points. 

It is entirely conceivable that with any of these static 
eliminators, such as trailing wires, sharp points, or even 
wick discharges, one could search for and occasionally find 
some weather where the airplane is picking up a friction 
charging current of more than the ordinate at point 1, but 
less than the ordinate at point 2. In such weather on that 
particular day and in that particular locality, one could 
place the static eliminator in operation and take it out of 
operation and provide a most impressive demonstration for 
an uninitiated observer whose only observation is what he 
hears on the headphones. The demonstration would be 
very impressive because the interference with radio recep- 
tion begins at a discharging current which is only a little 
less than the discharging current at point A where radio 
reception has become impossible. However, such a demon- 
stration would not give an adequate measure of effectiveness 
in terms of the significant variable for weather conditions in 
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general. Measurements of any static eliminator rather 
should be referred back to the maximum value of Q, which 


the eliminator will permit the airplane to acquire under the 


most severe snow static conditions which the airplane can 
encounter. 


PROPOSED METHOD 


The method which the writer is proposing for the elimina- 
tion of snow static consists in artificially activating negative 
corona discharges in the slip stream, of the type which does 
not interfere with radio reception. ‘This has the effect of 
neutralizing far more charge than any previous method as 
will appear from the following. The kinds of installation 
which should be tested are illustrated in Figures 11 and 12. 
Sharp metal points with tips held at about a half inch from 
the metallic airplane surface are raised to a negative direct 
potential through a resistance of 107 to 10° ohms connected 
to a rectifier delivering 5 to 10 kv direct current, negative 
polarity. The rectifier using tubes mentioned previously’ 
can be made small and light enough, with the rectifier, high 
resistance, and cable end all under potting compound, to 
permit its practical use at the extremities of the airplane. 

The purpose of the high resistance in series with the recti- 
fiers is to hold the corona current down to the noninterfering 
form at high altitudes. 

Although this open design of charging discharger has not 
been tested, its performance can be estimated from the per- 
formance of the enclosed design charger which was used 
and which is illustrated in Figures 3 and 5. This perfor- 
mance can be represented with the same kind of curves as 
used in Figures 8, 9, and 10 for the previous static elimina- 
tors. This is done in Figure 13, where as before, the dashed 
curve R represents the untreated airplane, the dotted line $ 
represents the effect of the charging dischargers, and the 
solid line is the total discharged current. 

It is seen that although the curve for the charging dis- 
chargers has been drawn roughly similar in shape to that 
for the untreated airplane or for previous discharges, the 
displacement of the curve towards and past the zero-charge 
axis creates a very different situation in which the airplane 
retains radio reception while the current picked up from the 
snow rises to a higher order of magnitude. Although de- 
tails of the curve can be changed with details of design and 
other factors, this order of magnitude of improvement is to 
be expected in any case, and consequently deserves to be 
tested on an adequate airplane. 

There is an additional distinguishing feature of this 
method. It will be noted that the operation of the dis- 
charger depends upon the slip stream, and that the amount 
of current discharged increases with increasing speed of the 
slip stream. Such is not the case with any previous dis- 
chargers. It is for this reason that this kind of system would 
seem to be essential in any effort to cope with the snow static 
problem on modern very high speed military aircraft. 
Snow static on high speed military aircraft is a problem for 
which the Air Forces have no solution at present. 

Although the military forces have a monopoly of the 
highest speed aircraft on which this new principle of snow 
static elimination could most strikingly be tested, it is be- 
lieved that with proper consideration for making all tests 


OcToBER 1948 


Bennett—Snow Static on Aircraft 


comparative, a sufficient flight test can be made by a civilian 
agency with one of the faster and larger modern transport 
planes at a smaller cost than that commonly encountered in 
airline problems of comparable importance. 
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Quartz Crystals Grown in Laboratory 


Clear, sparkling crystals of real quartz, identical in every 
way to those produced only by the processes of nature, 
now are being grown inside bomb-like steel “test tubes” 
at Bell Telephone Laboratories according to a paper by 
Ernest Buehler and Alfred C. Walker, presented at a 
meeting of the International Union of Crystallography 
at Harvard University, Cambridge, Mass. Recent ex- 
periments have been so successful that commercial manu- 
facture of the mineral seems possible for the near future. 

From a small seed plate, suspended in a specially con- 
structed bomb and subjected to pressures exceeding 
15,000 pounds per square inch and to a temperature of 
750 degrees Fahrenheit, a clear crystal more than an inch 
long may be grown in a month. 

The material from which the quartz crystals are grown 
is a finely powdered form of silica, a common chemical 
compound which looks something like granulated sugar. 
This is placed in the bottom of the steel bomb and an 
aqueous alkaline solution is added. The seed plate, a 
thin wafer of quartz, is suspended at the top of the bomb; 
the bomb then is sealed and placed in a furnace. The 
silica dissolves and rises to the cooler part of the bomb, and 
is deposited on the seed plate in perfectly regular order 
until all of it is in the form of a single clear crystal. 
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Modern Trends in Hydraulic Turbine Design 


WILLIAM J. RHEINGANGS 


HE ART of hydraulic turbine design never stands still 

but always progresses. In recent years major emphasis 
has been on the materials of construction and on such fea- 
tures of design as will reduce maintenance work and costly 
outages in the field. 


WELDED PLATE STEEL CONSTRUCTION 


There has been a recent increase in the use of plate steel 
in’ place of cast steel in the manufacture of hydraulic tur- 
bines, due partly to the lower costs of welded structures and 
the difficulty of obtaining sound castings. ‘The most note- 
worthy example of this trend has been the fabrication and 
installation since 1938 of 14 large-size welded-plate-steel 
spiral casings for turbines operating under various heads 
from 208 feet to 435 feet. Inlet diameters of the scroll cas- 
ings ranged from 12 feet to 16 feet with plates varying in 
thickness from 7/8 inch to 21/5, inches. Four of the casings 
used riveted field joints, while ten casings were installed 
with welded field joints, without stress relieving by anneal- 
ing. Careful control of the welding procedure, inspec- 
tion, and tests resulted in a complete absence of any weld 
failures or leakages either during special pressure tests or 
after 3 to 5 years operation in the field. Figure 1 shows one 
of two all-welded spiral casings for the 91,500-horsepower 
330-foot-(435-foot maximum) head turbines for Fontana 
power plant. All the joints between the plate steel and the 
cast steel speed ring were shop welded and annealed. ‘The 
field joints were welded without annealing but all of these 
welds were peened and the amount of peening was con- 
trolled by extensometers. 

There also has been a trend towards fabricated con- 
struction of other turbine parts. An interesting example of 
this is the installation of the five 50,000-horsepower 195-foot- 
head turbines for the Maraetai plant, Public Works of New 
Zealand. All of the principal turbine parts are of welded 
plate steel construction including spiral casing, speed ring, 
top and bottom covers, guide vane, shifting ring, draft tube 
liner, and pit liner. 

Other recent applications of welded plate steel construc- 
tion are the 172 buckets being manufactured for the 56,000- 
horsepower 2,200-foot-head Big Creek 2-A unit, and the 
11,000-horsepower 865-foot-head Kern River units of the 
Southern California Edison Company. ‘The bucket bowls 
are die-pressed out of plate steel. ‘The splitters are of forged 
steel and are welded to the bucket bowl. The lugs are also 
of plate steel and are welded to the back of the bucket. 
This type of construction eliminates the difficulties usually 
encountered with large bucket castings. 


Digest of paper 48-191, ‘‘Modern Trends in Hydraulic Turbine Design,” recommended 
by the AIEE power generation committee and approved by the AIEE technical program 
committee for presentation at the AIEE Pacific general meeting, Spokane, Wash. 
yer eal 1948. Scheduled for publication in AIEE TRANSACTIONS, volume 


William J. Rheingans is assistant manager, hydraulic department, Allis-Chalmers 
Manufacturing Company, Milwaukee, Wis. 
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USE OF STAINLESS STEEL 


Stainless steel is being used to a greater and greater ex- 
tent for resistance to cavitation and the erosive and corrosive 
action of silt and chemicals in the water. Solid stainless- 
steel runners weighing up to 20,000 pounds have been cast — 
and have been used successfully where other materials were 
subject to considerable erosive and corrosive action in addi- 
tion to cavitation. 

Stainless-steel guide vanes, facing plates, wearing rings, 
and discharge rings in addition to solid stainless steel run- 
ners, indicate a possible solution to the excessive wear and 
¢avitation of high-head Francis turbines which now limits 
their use. 


SELF-LUBRICATING BEARINGS AND CARBON SEAL 
RINGS 


A new design of main bearing and carbon seal ring for 
vertical-shaft Francis turbines provides a bearing immersed 


in an oil bath covering about one-third of its vertical length. 


Properly slanted and shaped oil grooves provide for self- 
lubrication, thereby eliminating the troubles usually as- 
sociated with mechanical lubrication. 

The carbon ring seal consists of one or more sectionalized 
carbon rings held against the shaft with garter springs. 
This type of construction eliminates the constant adjust- 
ment required by packing boxes and reduces wear on the 
shaft. 

The increased use of plate steel and stainless steel, and 
other new features in hydraulic turbines, indicate a desire 
on the part of the designers to reduce original costs and to 
eliminate costly maintenance work as much as possible. 


Figure 1. 


All-welded-plate casing 
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Economics of Long-Distance Energy Transmission 


Ref PLE RCE 
FELLOW AIEE 


HE ECONOMIC location of steam-electric generating 

stations is receiving intensified study, not only because 
of the tremendously increasing demand for electric energy, 
but because of changes that have taken place and still are 
occurring in the relative effect of certain primary controlling 
factors. These include changes in the relative effects of 


1. Location and cost of alternate fuel supplies. 
2. Cost of transporting alternate fuels. 
3. Cost of transmission of electric energy. 


Comparative summaries of the cost of transmission of 
energy in the form of coal, gas, oil, and electricity have 
been made. Relative costs of the three fuels near their 
sources are shown in Figure 1 for the period 1922 to date, 


COMPARISON OF FUEL COSTS AT SOURCE 
SEPT, 1947 


COAL (BITUMINOUS AND LIGNITE AT MINES - U.S. AVERAGE ) 
NATURAL GAS (AT WELLS ~ U.S. AVERAGE ) 
—-— OIL (BUNKER C ON SHIPS - TEXAS GULF COAST ) 


1947 FIGURES ARE ESTIMATED FOR THIRD QUARTER 


CENTS PER MILLION B.T.U 


° 
1922 1926 1930 1934 


o 


38 1942 1946 1950 


Figure 1. Comparison of fuel costs at source 


illustrating the extent to which the relationship between 
fuel costs has changed within the last few years. Figure 2 
shows costs plus transportation. From these data it is 
apparent that consideration must be given, in the economic 
choice of steam power plant location, to present day costs of 
fuel at the nearest sources and present day costs of transmis- 
sion of the fuels versus the cost of transmitting electricity. 
The problem is analyzed only under average or typical 
conditions, but the results give an indication of the need for 
basic studies in each particular situation and give a fair 
approximation of the answer for average conditions. It 
may be concluded that 


1. Technical improvements in the art have in large measure offset 
increases in cost of electric transmission. 


Digest of paper 48-195, recommended by the AIEE transmission and distribution 
committee and approved by the AIEE technical program committee for presentation 
at the AIEE Pacific general meeting, Spokane, Wash., August 24-27, 1948. Scheduled 
for publication in AIEE TRANSACTIONS, volume 67, 1948. 


R. E. Pierce is consulting electrical engineer, engineering department, and E, E. 
George is electrical engineer, engineering department, both of Ebasco Services, Inc., 
New York, N. Y. 
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COSTS OF FUEL PLUS TRANSMISSION 
SEPT 1947 
See Text For Limitations 


MILLS PER KILOWATT —HOUR 
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Figure 2. Costs of fuel plus transmission 


2. Cost of electric transmission for optimum loads and voltages can 
be expressed as a linear function of power and distance. 


3. Cost of fuel transportation can be expressed as a linear function 
of energy and distance. 


4. Electric transmission at low load factor is competitive with 
hauling’coal by rail for only short distances. 


5. Electric transmission at high load factors (base load plants) is 
competitive with hauling coal by rail for any distance (up to several 
hundred miles). 


6. Electric transmission is generally much more expensive than 
transporting energy by gas or oil pipe line. 

7. The cost of transmitting energy by gas pipe line is several times 
as high as by oil pipe line. 

8. Tanker transportation of oil costs only about half as much as pipe 
line transportation. 


9. The costs of fuel and its transportation to load centers are usually 
the dominant factors in determining the market value of hydro energy. 
10. Coal and gas are no longer competitive, either close to both 
sources or several hundred miles away. Gas may be carried several 
hundred miles and still compete with coal near the mine. 


11. Fuel oil is now too high for use except for standby service, unless 
tanker haul is available and other fuel sources are several hundred 
miles distant. 


12. A mouth-of-mine steam plant is economical if the plant load 
factor approaches base load conditions. 


13. If gas or oil is to be used for fuel, a power plant location near 
the load will almost always be most economical. 


It has been rather usual practice to locate plants at ade- 
quate natural water supplies and adjacent to fuel sources 
or transportation, with transmission of the energy elec- 
trically to the load. If the transmission of electrical en- 
ergy produced from fuel involved distances in the order 
of 200 miles, the economics of this practice was question- 
able. Even 200 to 300 miles was not too favorable un- 
less the amounts of power to be transmitted were relatively 
large and competing fuel costs relatively high. 
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Power From Process Steam 


WILLIAM E. ZELLEY 
MEMBER AIEE 


E have just passed 
through a period of 
several years that have seen 
the expenditure of vast quan- 
tities of our natural resources, 
one of the most important of 
which is fuel. During that 
time and continuing after the 
termination of the war, the 
quantity of electric power required by the industries of the 
United States has increased by leaps and bounds, and 
many of the public utility systems found themselves unable 
to take on additional loads because their plant expansion 
had not kept pace with the demand increase. 

The power available per employee, according to a recent 
survey, was approximately 6.3 horsepower in 1939; but 
in 1947, when normally an increase would have been 
expected, the available power per employee decreased to 
4.6 horsepower, a drop of 331/3 per cent. 

At the same time, many of the industrial plants purchas- 
ing power from the utility companies were using the 
products of their fuels inefficiently and, by having a work- 
able agreement with the utility, could generate, at a lower 
cost, a portion of their power requirement. This would 
result in several advantages: 


together with the 
emphasized the 
power generatio 


1. Lowered cost of power by the efficient use of the plant equip - 
ment, for example, the generation of power by means of noncondensing 
extraction turbines with high pressure steam being reduced to the 
value required for plant heating and processes. 


2. Reduction of the demand being made on the capacity of the 
public utility system. Consideration must be given to the necessity 
for repair and maintenance time when the generating units will not 
be in service. In some cases it may prove practical to do such work 
during normal nonoperating periods of the plant. 


3. Less vulnerability to the possibility of complete loss of power in 
the event of transmission line faults, by reason of being able to generate 
a portion of the power requirements within the plant. 


This article is not intended to advise any industrial user 
of power to enter the field of power generation in competi- 
tion with the established public utility system serving his 
particular area. The valuable service that has been 
rendered during the past years and the continued decrease 
in the cost of electric power to the consumer have demon- 
strated that the utilities are an important cog in this ma- 
chine of industrial progress and good living. 

There is, however, a field that is being explored at 
greater detail now than in the years past. One plan that 
offers a substantial saving in the cost of power for the 
industrial plant is the use of extraction or topping turbo- 
generators in industrial plants where a sufficient quantity 


Essential substance of aconference paper, ‘Economics of Process Steam Generation,” 
presented at the AIEE winter general meeting, Pittsburgh, Pa., January 26-30, 1948. 


William E, Zelley is superintendent of maintenance, utilities, and construction, John 
A. Roebling’s Sons Company, Roebling, N. J. 
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The constantly increasing demands for power, 
increasing cost of fuel, have 


desirability of investigating 


Careful individual analysis of a plant is required 
in order that the possibilities may be explored. 


Kelley—Power From Process Steam 


of relatively low pressure — 
steam is required for gen- 
eral process use and for heat- 


n in industrial plants which ing. 
have need for large quantities of process steam. ee 


REQUIREMENTS 


It is necessary to add 970 
Btu to a pound of water at 
atmospheric pressure to change its state from a liquid to a 
steam. When this steam is used for the generation of 
electricity in the usual manner, the greatest portion of 
the total heat is lost in condenser cooling water and serves 
no useful purpose. It is well-known that the higher the 
pressure and temperature of the steam at the throttle of 
the turbogenerator, and the lower the pressure at the point 
of condensation, the greater is the thermal efficiency of the 
cycle. It is also well-known that as the pressure increases, 
the total heat does not keep pace with the pressure increase, 
but reaches a point when further increase of pressure does 
not result in increased total heat. 

The total heat in steam can be increased, however, by 
superheating. This superheat can be added to steam very 
effectively, and as the efficiency of heat engines increases 
with higher temperatures, a marked increase in operating 
efficiency can be obtained by this addition. 

Figure 1 is from a compilation of some published in- 
formation by several turbine manufacturers referred to a 
standard condition, showing how the heat required to 
produce a kilowatt-hour varies with the total heat (pressure 
and temperature) of the steam, remembering always that 
the heat of vaporization is lost; therefore, the more heat 
in the steam, the greater the percentage that can be re- 
covered to do useful work. 

It was to reduce this loss of the heat of vaporization that 
the extraction-type turbogenerator was designed and 
built. By the use of such a unit the total heat input per 
kilowatt-hour to the turbine can be reduced, even in rela- 
tively small units of from 3,000 to 5,000 kva. 

This does not mean that the writer is advocating that 
every plant install a new power generating unit consisting 
of a high pressure and temperature boiler, a turbogenerator 
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of the extraction type, and the other necessary equipment; 
but does mean that engineers in this line of professional 
endeavor should not hastily commit themselves to a definite 
course of action until a thorough survey has been made of 
the situation as it exists in the particular industrial plants 
that they may be required to study. 


APPROACH TO THE PROBLEM 


All the factors that have a bearing on the subject should 
be included in such a survey. The facilities for steam 
generation must be given careful consideration, as in most 
plants some steam is required at all times. When that 
equipment is in need of replacement, it is important that 
the possibility of generating power by the use of non- 
condensing, noncondensing extraction, or condensing ex- 
traction turbines be investigated. This investigation, 
when carefully carried out, will show whether or not it is 
advisable to consider the installation of such turbogenerator 
equipment, and the proper size and type to be used. 

The problem of whether a plant shall generate any or 
all of its electric power can not be decided until these steps 
have been taken, and a working agreement made with the 
utility, in the event a partial generation program has been 
decided upon. 

The selection of the proper generating and control 
equipment will be controlled largely by the decision as 
to the type of operation; in the case of complete genera- 
tion, the lines and switchgear need be only of sufficient 
capacity to carry the present loads, plus whatever may be 
allowed for future expansion, but when parallel operation 
with a utility system is planned, then all the electric equip- 
ment must be selected to withstand the heavy short-circuit 
currents that may be present as a result of a fault being 
fed by not only the plant generating capacity but by the 
available current from the utility system. 

Only when all these problems have been solved carefully 
can it be possible to arrive at an accurate estimate of the 
cost of the installation, and thereby ascertain if it is eco- 
nomically feasible to generate power in the plant. Many 
engineers for years have hoped for some simple formula 
that would answer this question, but up to this time the 
only way in which the question of power generation can be 
answered in a satisfactory manner is by making a very 
complete survey of the conditions that exist and as they 
may exist under changed circumstances. 


A PRACTICAL STUDY 


Recently a study was made of a plant in New Jersey 
that had been generating steam for industrial power and 
heating at 150 pounds per square inch gauge with little 
or no superheating of the steam. The old steam generat- 
ing equipment was very inefficient and beyond economical 
repair, and it soon became apparent that complete re- 
placement of the steam generating equipment was neces- 
sary. Accordingly, the steam requirements of the plant 
were studied carefully, and the size and number of new 
boilers was determined. 

The final selection of operating pressure and temperature 
was not made until a thorough survey of the electric power 
requirements had been completed, and as that survey 
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Figure 2. Demand for 150-pound steam and electric power in 
an industrial plant 


indicated that a large portion of the electric power could 
be generated economically by the use of an extraction 
turbogenerator, it was decided that this plant could be 
served most economically by the installation of boilers 
capable of producing the required amount of steam at 
650 pounds per square inch, superheated to a total tempera- 
ture of 750 degrees Fahrenheit. 

In order to make a complete survey of the possibilities 
of generating power in this plant, a careful compilation of 
the electric loads for the past several years was made, and 
a day-by-day plotting of steam demands at low pressure 
(150 pounds) was made and compared with the electric 
demands. From these compilations it was possible to 
determine the amount of power that could be generated by 
reducing the pressure and temperature of the steam re- 
quired by the plant from 650 pounds and 750 degrees to 
the values required by the plant. 

This survey indicated that by the installation of a 5,000- 
kw noncondensing turbogenerator, it was possible to 
generate 30 per cent of the power required by the plant 
during the year, with some variation between the summer 
and winter seasons. By the use of a condensing single 
automatic extraction unit, this percentage of power to be 
generated could be increased to approximately 50 per cent. 
This was possible with no increase in operating labor, and 
even though the fuel rate per kilowatt-hour is increased, 
the cost per kilowatt-hour is still well below that of pur- 
chased power. 

In the process of determining the best size of the generat- 
ing unit, it was found advisable to study the problem by 
actually calculating the power that could be generated 
under all conditions by the use of several sizes of gener- 
ators. The sizes considered in the study were 3,000, 
4,000, 5,000, and 6,000 kw and the 5,000-kw unit was 
selected as being the one that would allow the maximum 
return on the investment. 

In order to show graphically the demand for steam at 
150 pounds and electric power demand during the 24-hour 
day, Figure 2 has been prepared. The electric demand 
at all times is of a greater percentage of maximum than is 
the steam demand which gives a very favorable condition 
for the operation of the extraction type of turbogenerator, 
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as it always will be possible to consume all the power that 
may be generated by reducing the pressure and temperature 
of the steam required by the plant from 650 pounds and 
750 degrees to 150 pounds and 390 degrees required for 
plant use. 

The steam requirements show some variation between 
the winter and summer conditions, and this variation is 
shown in Figure 3. It is apparent that under certain condi- 
tions it will not be possible at all times to pass the total 
steam required through the turbine so a pressure reducing 
and desuperheating station has been installed to supply 
the low-pressure steam required. The schematic arrange- 
ment of the steam piping is shown on Figure 4, which shows 
the relative position of each of the items of equipment 
mentioned, and the quantity of steam to be passed through 
each path under normal conditions. 

Because of some extreme operating conditions and more 
or less indefinite plans for the future of some parts of this 
plant, it was decided that the installation of a condensing 
single automatic extraction unit would be of great value 
in enabling the plant operating personnel to carry the 
most economical loading of the generating equipment. 
It is expected that the turbogenerator will operate at 
minimum exhaust flow for the greater portion of the time 
and that the condenser will be required to condense only 
the turbine exhaust end cooling steam. 

The control of the load to be carried by the generator 
has been given careful consideration, and the steam flow 
to the turbine will be controlled by a dual system, by load 
on the generator and the pressure at the extraction point. 
In other words, should the operator be required to carry 
a continuous load on the generator even in the face of a 
fluctuating plant steam demand, the speed controlling 
element will pass sufficient steam through the throttle to 
maintain the turbine speed, and the extraction pressure 
controlling element will vary the extraction mechanism 
as required to maintain the extraction pressure. Any 
increase of extraction pressure due to lessening of the plant 
steam demand will automatically reduce the throttle open- 
ing as well as increase the openings in the ports leading from 
the extraction point to the low pressure stages allowing 
more steam to pass to the condenser, resulting in a unit 
capable of carrying a constant load without serious control 
problems arising from the variations in plant steam demand. 


EVALUATION OF COSTS 


Information furnished by several turbogenerator manu- 
facturers shows that power can be generated by the single 


Table I. Example of the Application of Wholesale Power and 
Lighting Rate 


Demand or kilowatt charge: 


11,000 kw at $1.10 per kilowatt+$410.........ccce cece cree ee ee ee +s $12,510.00 
Energy or kilowatt-hour charge: 

5,000,000 kilowatt-hours at $0.005+$2,200...........+seeeeeeeeeees+ 27,200.00 
Total... ... 0 cece cece ee cence nent e eet te teen eee nen n ener eee ee ens 39,710.00 
Less discount of 10 per cent not exceeding $3,000 per month............. 3,000.00 

, 36,710.00 
Fuel adjustment charge at $0.00123 per kilowatt-hour...............+++. 6,150.00 
Neticost per month i.\.:c.c.c.0.s1eic) v cielerese) sloneererers stereo atevelolvert siagtisielelevneanetis sie AaugO OOK OU, 
Average) cost per kilowatt-hour, >a» s/crMialeleleieiesisie) cle eieinielelalel ialefainlaieield eis ss 0.008572 


THOUSANDS OF LB OF STEAM PER HR 
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Figure 3. Variations in steam requirements between winter 
(upper curve) and summer (lower curve) operating load 


extraction type turbine with 600-pound 750-degree total 
temperature steam at throttle, extraction at 150 pounds 
and 510 degrees, and with minimum exhaust flow, with a 
rate of 5,000 Btu per kilowatt-hour or less, an over-all 
efficiency of the turbine heat cycle of 71.5 per cent. With 
the use of modern steam producing units that operate at a 
monthly efficiency of 85 per cent the net over-all thermal 
efficiency of such generation is 60.7 per cent. With fuel 
costs, in the area considered in the range of $.30 per 
million Btu, the fuel cost to generate power is $.0017 per 
kilowatt-hour. 

For the past several years the electric power used in the 
plant studied has been purchased from the public utility 
company in the area at the published “wholesale power and 
lighting service” rate; a summation of that rate is shown 
in Table I, from which it is seen that the lower the demand 
is kept and the higher the load factor maintained, the 
lower the net cost of power. 

The plant has operated during the past year with a 
maximum demand of 11,000 kw and a monthly con- 
sumption of 5,250,000 kilowatt-hours with the plant 
operating on a 5-day 3-shift basis, the load on nonoperating 
days being only about 1,000 kw. ‘This means an average 
of 21 operating days per month and 9 nonoperating days, 
and shows an over-all load factor of nearly 64 per cent, but 
if the nonoperating days are not considered then con- 
sumption is 5,034,000 kilowatt-hours with 504 hours of 
operation, a load factor of nearly 91 per cent. 


Table II. Example of the Application of Auxiliary or Breakdown 
Rate 


Neen ene 


Contract capacity charge, 11,000 kw at $0.60 per kilowatt plus $135... $ 6,735.00 
Demand charge, 11,000 kw at $0.60 per kilowatt plus $135 6,735.00 
Energy charge, 5,000,000 kilowatt-hour at $0.005 per kilowatt plus $2,215.. 27,215.00 


Total. ....... css e cece cece eee ee ence eee test nee e entrees ee ener ec ees 40,685.00 
Less discount, 10 per cent not exceeding $3,000 per month.............-: 3,000.00 

: 37,685.00 
Fuel adjustment charge at $0.00123 per kilowatt..........0.ee cece eens 6,150.00 
Neticost per month sincterers) ate oierelosierente cin staretatere arelerets 5 sidaled hve als stake 43, 805800 
Average cost per kilowatt-hour....... 0.000 ce cece eeneeeeeeceeeseee eso 0.008767 
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Figure 4. Steam flow balance 
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in Table], the utility company 
also made a fuel adjustment 


: REDUCING- 

charge per kilowatt-hour VALVE. 
whenever fuel costs exceeded 
22.5 cents per million Btu. eon eree 
This fuel adjustment charge 
has ranged from $0.0009 to 12,300 LB 208,2 
0.00153 per kilowatt-hour for DESUPERHEATED 

; WATER DES 
the past year with an average 
of 0.00123. Sr Reais 

This utility company also 150 PS|-390 F 


has an auxiliary or breakdown 
rate which it applies to cus- 
tomers who generate all or 
part of their electric power 
requirements, and a summary 
of the application of that rate is shown in Table II. This 
rate makes a charge per kilowatt demand per month for 
the contracted load with an additional charge per kilowatt 
demand actually made. This charge, together with the 
energy and fuel adjustment charges, makes up the total 
power cost. 

As previously shown, the average cost of power at this 
plant was $0.0087 per kilowatt-hour, which represents an 
annual power cost of $543,834 for 62,400,000 kilowatt- 
hours, the estimated annual consumption. 

By the installation of an extraction turbogenerator, it is 
possible to generate a large portion of this load at a fuel 
cost of $0.0017 per kilowatt-hour. The monthly cost of 
power in this case even when contract demand is set at the 
maximum is as follows: 


200,000 LB 
TO PLANT 


Contract demand charge, 11,000 kw..............---+-$ 6,735.00 
Actwalidemand charge, 7,000 KWirswcnics ss fo -ceos sess 4,335.00 
Energy charge, 2,500,000 kilowatt-hours at $0.005+ 

SG AL eee aye cm ini ern Mocs epcusileiin tp vee es nce SEE os 14,715.00 
Total 25,785.00 
reseed) PERCU LE CUSCOUNLES cei. « nrc nic 6 65110) + tyeleash se 0s 2,578.50 

$ 23,206.50 
Average fuel adjustment charge, 2,500,000 kilowatt- 

PIOTUR SATE IGLIO) Ba Mtatcrats ca wither okt bys, = <uatlviiel xyes Rabahy whois 3,075.00 
Total purchased power charge.........--+0+ee+eee++-$ 26,281.50 
Generation 

1,750,000 kilowatt-hours at 0.0017 (fuel cost). . $2,975 

1,000,000 kilowatt-hours at 0.005 (fuel cost). . $5,000 

$7,975 
SHOtal ger ATIOULM cate selec js es seca nyse shee sein ace $ 34,256.50 
EHOtAMPERYV EAT Men ct toes ieee sls ots vere toot eet a es 4075178 .00 
[OH Sherer: See a OR oe SA Onn enor $ 136,656.00 


FINAL SELECTION 


From this total differential in power cost per year there 
must be subtracted $30,000 per year, the estimated cost of 
operating labor and maintenance of the generating equip- 
ment, leaving a balance of $106,656 per year to cover the 


OcTOBER 1948 


Kelley—Power From Process Steam 


166,000 LB ei 


5000 LB 


160,000 LB 
150 PSI-SIOF 


80 HP 


6 240,000 LB 
AUXILIARIES 


CONDENSER 


25,800 LB 250F 
00 LB 
UPERHEATER 
25,800 LB 
REDUCING PLANT 
VALVE CONDENSATE 
—--— 4—-<— <= 
46,300 LB 
20 PSI 
FEED WATER 
HEATER 
MAKE UP FEED 
PUMP 


fixed charges, an annual return equal to approximately 
25 per cent of the installation cost. The generating equip- 
ment of the plant discussed will consist of one 5,000-kw 
3-phase 60-cycle 2,400/4,160-volt generator directly con- 
nected to a 650-pound 750-degrees-total-temperature con- 
densing extraction turbine arranged for automatic control 
of extraction pressure at 150 pounds, and a 3,000-square- 
foot surface condenser. 

The electric equipment will be of the metal enclosed 
type, with air circuit breakers having an interrupting 
capacity of 250,000 kva at 4,160 volts and will be connected 
to the secondary distribution system of the plant as shown 
in Figure 5. 

The unit will carry full load during the normal operating 
shifts of the plant in parallel with the public utility system 
and during nonoperating periods of the plant will operate 
in parallel with the utility, carry all the plant load, or be 
shut down as may be determined by need at those times. 
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Figure 5. Line diagram showing the connections of the electric 
equipment 
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Reading Makes a Full Man” 


D. H. ERICKSOM 
ASSOCIATE AIEE 


Formal engineering education tends to special- 
ize the engineer. Good reading is an excellent 
way to make him a well-rounded individual. 


HE PROCESSES by which the engineer acquires an 

education are primarily through directed training, 
such as the formal detailed curricula of grade school, high 
school, college, and perhaps company training courses, 
and secondarily through informal training resulting from 
personal contacts with older, more experienced men, and 
through the reading of literature in the form of books, 
magazines, and newspapers. 

The result of the formal education is to semispecialize 
the engineer in a particular field of endeavor, and the 
result of the informal training is to complete the specializa- 
tion. The latter is generally because his contacts are with 
men like himself, engaged in the same type of work, and 
because his books and magazines tend to advise him further 
regarding certain phases of the work he is engaged in. 

In the end, unless our engineer continually transfers 
from job to job, and from one field of work to another, 
he becomes narrower in his outlook. More of a type that 
has a purely mechanistic outlook on life, with a sublime 
disregard for the results of his bridges, long-distance tele- 
phone lines, or the now ubiquitous atomic power, on the 
lives of his fellow travelers. 

We are many of us familiar with the efforts of the more 
progressive educators to send the engineer graduate out 
into the world with a broader outlook on life. They 
propose to do this by several methods, among which are 
the 5-year course instead of the present four, and the 
addition to the course of a number of the social sciences 
without which they believe the engineer cannot appreciate 
his station in our economic and cultural system, nor can he 
contribute in his fullest capacity toward the advancement 
of society and the health, happiness, and general well-being 
of the human race. 

This improvement in education, provided it becomes 
universal in all schools (and there is good reason to believe 
some colleges still are going to remain trade schools), will 
be very fine for our sons, but what about us who are 1, 10, 
or 30 years out of school? Some of us are getting narrower 
in our outlook every year. Many newspapers are ridicu- 
lously partisan in their presentation—many of our fellow- 
workers are biased sadly along religious and racial lines. 
Few magazines write articles that are not slanted in view- 
point; all of them catering to the mass of semieducated 
Americans who form the backbone of the nation, and who 
look to others for leadership. 


D. H. Erickson is an equipment engineer, Illinois Bell Telephone Company, Chicago, 
Til. 


* From Francis Bacon, 
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The engineer thus has arrived at the problem of obtaining 
a further education in the humanities. A problem that 
is our duty as fathers, citizens, and more especially engi- 
neers, to solve. The solution, reading a better and higher 
type of literature, comes easier than does that of an intricate 
calculus problem. We must read ourselves to a knowledge 
of living and of human relationships that only the great 
thinkers of the past and present can give us. 

For a starter let us try John Macy’s “The Story of the 
World’s Literature.” Then, as a sample of some of the 
best, read the following: 
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Adams, Henry, an caenere “The Education of Henry Adams” 
Augustine. Lyme oe ee ee ‘*Confessions” 

Beard; Gj Acpaaci tee eric “The Rise of American Civilization” 
Brooks, Van Wyck.........-. “The Flowering of New England” 
Cervantes; Mier reer “Don Quixote” 

Descartes), Renée aan eer “Discourse on Method” 

Durant, W.............-.-.+“The Story of Philosophy” 
Emerson, R-pW. oer aaa ‘*Essays” 

Fielding, H....).. 5.02.0 7+s 406) VOD OneE 

Franklin, B.;...:2)2.-+ 224-5 -Autoploprapaye: 

Prazery JG < ce w= eres “The Golden Bough” 

Goethen Ws soc o 2 che aerate ‘*Faust” 

James) Wetec ae eran eer ‘The Principles of Psychology” 
Mann, T . “The Magic Mountain” 
Montaigne se. eee ae oc a 

Paine; Thomas..-- eee “The Rights of Man” 

Platoe cocncanin. os oper ee ia lO pee 

Reades-Cii a. ene een ‘Cloister and the Hearth” 
Rousseausy) | saeciae eee ‘Social Contract” 

Shakespeare; Wienesn ee ier ORES a 

Swift, Joi. spe secon: cites tee Ulva tnd mlebeve ites 

Thoreau, Hivsceosn eo aee hee ea OGne 

Tolstoy; Ui. sais ian ao eee ‘*War and Peace” 

Voltaire. \ asian **Candide” 

Wells; Hs G.n ee nee “Outline of History” 

Whitman, We seaee dei aier “Leaves of Grass” 


A wonderful thing for you (and your children to grow 
up with) is a home library containing not only the books 
previously listed, but perhaps a 100 or more of the “‘greater”’ 
books. Then you will be able to read at your leisure, 
when you are most able to grasp the thoughts of the writer, 
and not under the constant threat of a fine for an overdue 
library book. Most of the classics and semiclassics are 
put out in excellent reprint editions, and if you have the time 
for browsing, a second-hand book store is a treasure of 
printed wealth for very nominal prices, 


Which books to select is not a problem as there are 
numerous lists put out describing the “ten best books,” 


“100 greatest —,” and so forth. Your local librarian will 
be glad to help you on this. 


Bulwer said “In science, read, by preference, the newest 
works; in literature the oldest. 
always modern. 


The classic literature is 
New books revive and redecorate old 
ideas; old books suggest and invigorate new ideas.” 
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Irrigation Pumping With Grand Coulee Power 


SAME DIEN TON 
Z ASSOCIATE AIEE 


HE COLUMBIA BASIN PROJECT includes the 

Grand Coulee dam and power plant, the Grand Coulee 
pumping plant, and about one million acres of irrigable 
land for which irrigation water will be made available. 
The power plant will comprise an ultimate installation of 18 
main generating units and 3 station service generating units 
which will be capable of developing 2,300,000 kw. 

As the land to be irrigated lies on a plateau several hun- 
dred feet above the level of Franklin D. Roosevelt Lake, the 
storage reservoir behind Grand Coulee dam, water is to be 
pumped from this reservoir to another, smaller reservoir 
formed by damming the two ends of the famous Grand 
Coulee. It will be necessary to raise about 16,000 cubic 
feet of water per second through a lift ranging up to 365 
feet. 

The Grand Coulee power plant is divided into two 
powerhouses, one located at each end of the dam. The 
pumping plant will be located just upstream of the 
west abutment of the Grand Coulee dam and will contain 
an initial installation of six pumping units. The operation 
of ten pumping units will be required to meet the maximum 
pumping requirements under the fully developed plan. 

Pumps of unprecedented size are being built for this 
installation. Each pump will be rated 1,350 cubic feet per 
second at a pumping head of 310 feet. The pumps will 
operate through a pumping lift range of 270 feet to 365 feet. 
The greatest portion of the pumping will be through a lift 
of 270 feet when the Columbia River storage reservoir is 
full, under which condition the pumps will deliver in excess 
of 1,600 cubic feet per second. Each pump will weigh 
approximately 250 tons and its rotating parts 60 tons. 
Each pump discharge pipe will be 12 feet in diameter and 
about 700 feet in length. 

The motors for driving the pumps will be of the synchro- 
nous type each rated 65,000 horsepower at 200 rpm, and they 
will operate at generator voltage and unity power factor. 
The motors will be of the vertical type having the thrust 
bearing located above the rotor supporting the rotating 
parts of the motor and pump. The combined weight of 
each pump runner and shaft, together with the unbalanced 
hydraulic thrust will be about 125 tons, and the weight of 
the rotating parts of the motor will be about 150 tons. The 
motors are being designed to withstand stresses resulting 
from operation at runaway speed of 295 rpm. The thrust 
bearings will be equipped with means for establishing an 
oil film during the starting cycle until sufficient speed is 
attained to insure a full thickness of oil film. Each motor 
will have a separate motor-generator exciter set to furnish 


Digest of paper 48-192, “Irrigation Pumping With Grand Coulee Power,” recom- 
mended by the AIEE power generation committee and approved by the AIEE technical 
program committee for presentation at the AIEE Pacific general meeting, Spokane, 
Wash., August 24-27, 1948. Scheduled for publication in AIEE TRANSACTIONS, 
volume 67, 1948. 


S. M. Denton is with the Bureau of Reclamation, United States Department of the 
Interior, Denver, Colo. 
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excitation during the starting operation. An enclosed cool- 
ing system is furnished for each motor. 

The motors will have sufficient torque for the breakaway 
of the pumps and motors and to accelerate the pump up to 
normal speed with water inside the pump casing and free 
discharge. The pull-out torque will be not less than 150 
per cent of full load torque. 

The size of the pumps and motors presented a new field 
of starting problems. The use of 60-cycle reduced-voltage 
starting was discarded in favor of a scheme whereby the 
motors will be started by a single generating unit operating 
at less than normal voltage and frequency. During normal 
operation two motor-driven pumps will be connected to one 
generating unit through a generator voltage bus about 1,200 
feet long. Either of two methods may be used in starting 
these motors: 


1. The synchronous method in which motors are direct connected 
to the generators at standstill and brought up to normal speed in 
synchronism. 


2. Starting as an induction motor with generating units operating 
at reduced speed when the motors are pulled into step. 


The synchronous method of starting requires that the 
generator and its associated pump motor or motors be con- 
nected at standstill. Excitation will be applied to both the 
generator and pump motor fields simultaneously with the 
opening of the turbine gates. The generating unit and the 
pumping unit or units will be accelerated to normal 60-cycle 
speed by operation of the governor gate control causing the 
gates to open where they will be placed under the control 
of the hydraulic governor. 

Induction motor starting will be accomplished by con- 
necting the pump motor to the generating unit which is 
operating at reduced speed without field and with the tur- 
bine gates closed. Excitation will be applied to the genera- 
tor field causing the motors to start as induction motors and 
accelerate and pull into step with the generators. With the 
turbine gates closed, the generating unit will decelerate 
while the motors are accelerating which will ease the pul- 
ling-into-step requirements of the motor. After the motors 
and generators are synchronized, the turbine gates will be 
opened to accelerate the generator and motor or motors up 
to normal speed where they will be placed under control of 
the hydraulic governor. 

The pumping power requirement can be met largely with 
off-peak power developed at the Grand Coulee power plant. 
Generators assigned pumping will be available for com- 
mercial service during the nonirrigation periods and also 
may be used to meet daily peak demands even at the height 
of the irrigating season. The general plan for pump opera- 
tion will be integrated in so far as possible with the com- 
mercial power requirements so that little or no interference 
will result in the power demands being met. 
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Nuclear Reactors for Power Generation 


WARD F. DAVIDSON 
FELLOW AIEE 


N the popular mind, and This last article of a series developed by the The urge to go to higher ini- 
usually in the engineer- AIEE nucleonics committee is concerned mainly tial temperatures is therefore 
ing mind, reference to power with a discussion of the various technical and evident, and considering only 
generation by nuclear reac- engineering problems which arise in the process the heat engine 7, probably 
tors immediately suggests of transferring the energy of the fission reaction would approach 1,000 de- 
electric power generation. into heat in the steam or gas to be used in the grees Fahrenheit for steam 
It takes for granted that the heat engine. The purpose of these articles has turbines, and 1,300 degrees 
power will be available for been to furnish the reader with an over-all Fahrenheit or, possibly, 1,500 
electric distribution. From picture of recent developments in nucleonics degrees Fahrenheit for gas 
an engineering viewpoint it and allied fields. The entire series* is scheduled turbines. 
makeslittle difference whether for early publication in pamphlet form. It becomes clear, then, that 


the output is to be electric 

power or mechanical power, 

for the only practical conversion processes now envisaged 
involve a transformation of the kinetic energy released (or 
created) by the nuclear fission into heat energy and then, by 
a heat engine, into mechanical energy with a final transfor- 
mation, if need be, into electric energy. The possibility of 
making these transformations has been well demonstrated 
even though, in some instances, the efficiency has been 
low. No one yet has been able to devise a direct transfor- 
mation from the fission reaction to electric power. 

No new problems are involved in the transformation from 
mechanical to electric power. There are no new problems 
of major magnitude in the transformation of the heat energy 
into mechanical power, once the heat has been transferred 
to a suitable thermodynamic medium. ‘There are many 
difficult technical and engineering problems in transferring 
the energy of the fission reaction into heat in the steam or 
gas to be used in the heat engine. This article will be 
devoted largely to a discussion of these problems. 

Carnot’s principle teaches that there is an upper limit to 
the efficiency that may be attained by any simple heat 
engine and that this may be expressed as 


n=(T1—T2)/Ti 


where 7, and 7> are the initial (or higher) and final (or 
lower) temperatures of the working fluid. In any practical 
heat engine the actual efficiency will be lower than this ideal 
because of stray heat and mechanical losses. Under favor- 
able conditions, with cooling water for condensers available, 
T, may be in the order of 535 degrees Rankine (75 degrees 
Fahrenheit); with air cooling as with some gas turbines it 
may be near 750 degrees Rankine (290 degrees Fahrenheit). 


Ward F. Davidson is director of research, Consolidated Edison Company of New 
York, Inc., New York, N. Y. 


* Previously published articles in this series are: ‘‘The Atom and Its Nucleus,” J. J. 
Smith (EE, Dec’47, pp 1165-75); ‘“The Relation Between Energy and Mass,” Frederick 
Seitz, Jr. (EE, Jan’ 48, pp 125-34) ; “Nuclear Engineering,” E. U. Condon (EE, Mar’48, 
bp 229-32); “Detection and Measurement of Nuclear Radiation,’ G. Wesley Dunlap 
(EE, Apr 48, pp 325-32); “The Separation of Isotopes,’ G. Wesley Dunlap, R. M. 
Lichtenstein (EE, May’48, pp 469-74) ; ‘Cascades Used in Isotope Separation,” Harold 
C. Urey (EE, Jun ’48, pp 581-6); ‘Nuclear Reactors,” F. L. Friedman (EE, Jul 48, 
pp 685-93); ‘‘High-Energy Particle Accelerators,” J. R. Woodyard (EE, Aug ’48, pp 
759-67); “‘Physical and Medical Aspects of Radiation Hazards and Protection,” L. L. 
German, H. M. Rozendaal (EE, Sep ’48, pp 884-90). 
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for practical power genera- 

tion the heat must be avail- 
able at a turbine or other heat engine at a temperature of 
at least 300 degrees Fahrenheit. Several studies that have 
been made have been based on values in the range 750 
degrees Fahrenheit to 1,200 degrees Fahrenheit. 


REACTOR REQUIREMENTS 


We return now to the reactor. Professor Friedman’ has 
outlined the conditions essential to the operation of a well- 
controlled reactor. In general rather than in precise terms, 
the more important of these may be stated as 


1. The quantity of fissionable materials must exceed a “critical” 
value. 


2. The volume-surface ratio must exceed a minimum limit. 


3. The concentration of neutron absorbing materials within the 
reactor must not exceed definite limits. 


It will be helpful to examine these requirements one by one 
as they relate to the problems of power generation. 

The first means that the total quantity of fissionable ma- 
terials must be maintained at all times within definite limits. 
If the amount is too small the chain reaction will not start 
(or will die out); ifit is too large control becomes difficult or 
impossible. ‘Thus means must be provided for replenishing 
the fissionable material from time to time, or continuously 
as it is used up. 

The second means that the “density”? of the fissionable 
materials must be kept within limits, which will depend on 
other factors such as the configuration or structural arrange- 
ment. ‘The designer has some freedom of choice and, to the 
extent that neutron reflectors can be used, greater freedom 
of choice, but at best it is less than that available to the de- 
signer of fuel burning steam generators. 

The third means that great care must be taken in the 
design of reactors to avoid the use of materials having high 
specific absorption for neutrons and to limit the quantities 
of all other nonfissionable materials, for all are neutron 
absorbers in some degree. It means that arrangements 
must be provided for the regular removal of fission products 
for these are neutron absorbers. It means that care must 


ELECTRICAL ENGINEERING 


be taken to avoid boiling liquids within the reactor, for the 
liquid and the vapor generally will have a different absorp- 
tion coefficient for neutrons. 

A brief consideration of these three basic requirements 
leads to a number of others that are of an engineering 
nature. To list a few: 


1. The control system must be sensitive with rapid response and 
yet designed to give stability. 


2. The materials used in the active zone of the reactor must not 
undergo significant changes in their essential characteristics when 
subjected to intense radiation. 


3. The provisions for removal of heat from the active zone must 
insure that “hot spot’? temperatures do not exceed those which the 
materials can withstand. 


Developing these a little more, we find that the first re- 
quires that the control system be sensitive first to the neutron 
flex density in the reactor, and then that it must recognize as 
well the requirements of the power load. Moreover the 
relative importance of the different factors is greatly dif- 
ferent from that prevailing in fuel burning power equip- 
ment. An entirely new sense of values must be developed, 
first theoretically and then on the basis of experience. 

While engineers have become accustomed to such con- 
cepts as fatigue and creep and recognize the problems of 
corrosion, the introduction of nuclear reactors brings in 
quite a new factor. Under the intense radioactive bombard- 
ment by all types of nuclear particles that occurs in the ac- 
tive zone of a reactor, few engineering materials will be 
immune to change. Many alloys—and few engineering 
materials are not alloys—depend for their desirable proper- 
ties on relatively small amounts of the alloying element. A 
transformation of a small fraction of the carbon content of 
steel may be significant; a small change in the silicon con- 
tent of duraluminum alloy may be significant, and so on 
through almost the entire list. Even the list of possible heat- 
transfer materials is much shortened when these factors are 
considered. The field is so new and so extensive that 
scarcely more than a start has been made in the exploration 
of it. 

The problem of heat transfer within the reactor, or that of 
developing a means for transferring the heat from the active 
zone where the fission takes place to the working fluid of a 
heat engine, has many conflicting factors. The impor- 
tance of the highest practical temperature at the heat engine 
has been pointed out. The limitations on the dimensions 
of the reactor point to small size and high heat flux densities. 
The limitations on low neutron absorption and stability 
under radiation preclude the use of many materials having 
superior heat conductivity. High heat flux densities and 
low specific heat or thermal conductivity together mean 
large temperature differences and these, with the desire to 
attain high output temperatures, mean much higher tem- 
peratures within the reactor. 

Another group of conditions includes the following: 


1. Adequate shielding must be provided for the protection of 
personnel and equipment against radiation. 


2. Either the heat transfer medium must not become radioactive 
or means must be provided for keeping it separate from the thermo- 
dynamic fluid used in the heat engine. 
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The first of these has been mentioned so often in both 
popular and technical literature that it scarcely needs com- 
ment. Basically it involves only providing a shield of 
sufficient mass to absorb the radiations or attenuate them to 
tolerable levels. Practically, it involves a number of diffi- 
cult problems such as how to provide the necessary access 
doors and openings; how to avoid structural change and 
deterioration. And, if ship propulsion or similar applica- 
tions are being considered, there are the problems of bulk 
and weight. 

The second is of vital concern in the selection of the heat 
transfer medium and the method of its use. 

Before considering some specific power plant arrange- 
ments, it may be helpful to regroup some of the peculiar 
requirements, and particularly those relating to the reactor. 


Structural materials (this is taken to include all materials other than the 
active materials in the pile) should have low specific absorption for 
neutrons, high strength at elevated temperatures, stability under 
intense radiation, high thermal conductivity, and good resistance to 
corrosion. 


Heat transfer fluids (these may include liquids, gases, molten metals) 
should have low specific absorption for neutrons, stability under 
intense radiation, thermal stability, good heat transfer characteristics, 
and should not be corrosive. 


Metals suggest themselves at once as the principal struc- 
tural materials, although ceramics offer some interesting: 
possibilities. Of the metals, low alloy steels seem to be ex- 
cluded on several bases: high neutron absorption, low 
strength at elevated temperature, questionable stability 
under radiation. Aluminum, although used in the reactors 
at Hanford Engineer Works where the temperatures are 
quite low, seems clearly out of the picture for power reactors 
because of low strength at high temperatures. Some of the 
stainless irons such as ‘‘18-8” stabilized austenitic have pos- 
sibilities although not wholly desirable on the basis of either 
neutron absorption or thermal conductivity. The exami- 
nation might be extended through the whole list of metals 
commonly used in engineering and none would be found 
not open to major objections. This suggests examining 
some of the higher melting point metals that have not been 
used for engineering purposes—beryllium, titanium, moly- 
bdenum, tantalum, tungsten—to name a few. The metal- 
lurgy of these metals has not been developed sufficiently to 
permit drawing conclusions at this time. It is certain that 
any of them would be costly, if not prohibitively so. The 
physical properties of these metals when fabricated in sizes 
suitable for power plant use are not well known. At best, 
these materials should be classed as ‘‘interesting possibili- 
ties.” 

Ceramics have been suggested, but it would be misleading 
to consider them as direct substitutes for metals because 
their interesting and valuable properties can be realized 
only when the basic machine design is developed with their 
use in mind. This, in turn, requires development work in 
new fields of engineering and extensive detailed study and 
analysis. 

An evaluation of heat transfer fluids presents a complex 
and difficult problem because of the many factors that are 
involved. One interesting approach has been made by 
Gilliland.? Taking into account the various physical prop- 
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erties such as specific heat, thermal conductivity, density, 
viscosity, he has developed two sets of parameters which 
give a measure of the relative merits of different coolants 
when taking into account the power required to circulate 
the fluid. He calculated the values of these parameters for 
21 gases and vapors and for 15 liquids and molten metals. 
A study of these parameters and of data on the neutron 
capture cross sections lead to the selection of four media for 
further study. These are helium, water, molten cadmium, 
and molten lead. To these might be added air. 


POWER PLANT DESIGN 


With this background, some attention now may be 
directed toward exploring possible nuclear power plant 
arrangements. 

Of the various heat transfer media only two seem to offer 
enough possibility of meeting the requirements set by the 
reactor and also to be usable directly in a heat engine. 
These are air and helium. Both could be used in a gas tur- 
bine, but it is noted immediately that air would be radio- 
active and both might become contaminated with radio- 
active fission products. Consequently it seems almost 
mandatory to provide for a heat exchanger which will serve 
to isolate the radioactivity and keep it from the turbine. 

Once this has been done, all the media come on a com- 
mon basis as requiring a heat exchanger or steam generator, 
inasmuch as neither water, molton cadmium, or molten 
lead can be used directly in a heat engine. 

For the heat engine, a steam cycle offers by far the greatest 
degree of flexibility as the upper temperature may be almost 
anywhere in the range 250 degrees Fahrenheit to 1,050 de- 
grees Fahrenheit with the possibility of even higher values. 
The range of upper or initial temperatures for gas turbines 
is much more limited—say, from 950 degrees Fahrenheit to 
1,500 degrees Fahrenheit, on the basis of present-day engi- 
neering developments. As explained before, the higher 
temperatures offer attraction in the way of improved conver- 
sion efficiency, but they also lead to serious difficulties in the 
design of the reactor and it probably will be many years be- 
fore these can be overcome sufficiently to permit utilizing 
the full possibilities of the gas turbine. 

The power plant design thus has been narrowed down to a 
reactor transferring heat to a fluid heat transfer medium 
which is circulated through a steam generator to produce 
steam which is utilized in a turbine driving an electric 
generator. The turbine and generator can be quite con- 
ventional and will require no further attention. The 
steam generator presents some new, but not unique, design 
problems. In particular more than usual care will be 
needed to ‘develop a construction which will be free from 
leakage in order to insure against contamination of the 
steam by radioactive materials. It will be necessary, too, 
to devise means for cleaning the water tubes from time to 
time without dangerously exposing the personnel to radia- 
tion, for it must be assumed that water contamination can- 
not be avoided entirely. 

The difficult, and very new, problems come in the reactor 
design, some of which will be discussed in the following. 

As a starting point for and engineering analysis, it is con- 
venient to take the Daniels pile as used at Hanford Engineer 
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Works and described by Smyth.? In this pile the uranium 
is encased in close fitting aluminum tubes which then are 
inserted into tubes of slightly larger diameter disposed in the 
carbon moderator. The cooling water is circulated through 
the annular spaces between the tubes. As these piles were 
designed for plutonium production and not for power genera- 
tion, the temperatures in the cooling water were kept low. 

At first thought it might seem an easy step merely to re- 
duce the flow rate for the water until the temperature rose 
to the boiling point and steam was generated. A further 
flow reduction could result in delivering superheated steam. 
There is however an immediate and major objection. It 
arises from the fact that, particularly at low pressures, the 
density of steam is much less than of water and consequently 
the neutron absorption coefficient will be correspondingly 
less. This, in turn, will cause disturbances in the nuclear 
reactions in the pile, and, as is evident from Friedman’s dis- 
cussion!, these may become so violent as to lead to insta- 
bility. If the pressure were increased to the critical value 
(3,206 pounds per square inch absolute) this trouble would 
be avoided, but other troubles would be introduced through 
the need for far heavier tube walls to withstand the higher 
pressures. Additionally, the higher steam temperature 
(705 degrees Fahrenheit) would exceed the safe working 
temperature of aluminum. The introduction of more struc- 
tural metal into the reactor, as would be necessary at the 
higher pressure would have to be examined critically. 
Likewise the total amount of heat transfer fluid within the 
reactor, for both have an adverse effect on the neutron 
absorption and the performance of the reactor. 

A discussion of even a few of the many alternatives that 
have been suggested would extend beyond the scope of the 
present article. Enough has been said to show that the 
solution of the heat transfer problem is, at best, complex 
and that it will require much detailed information not now 
available. More particularly information is required on 
heat transfer between molten metals and solid surfaces, 
especially at high heat flux densities. 


ADDITIONAL PROBLEMS 


If we can assume that a tentative solution has been found 
to the heat transfer problem by itself, then we may pass on 
to several others. 

Some means must be devised to permit removing fission 
products and replenishing the supply of fissionable materials. 
As the range is not large between the lower limit of density 
of fissionables necessary to maintain the chain reaction and 
the higher limit of density when control becomes difficult, 
the maintenance of satisfactory operating conditions re- 
quires an approach to a continuous process. If we con- 
tinue to refer to the Hanford-type piles, this means the re- 
moval of one bar of uranium in its aluminum case and its 
replacement by another. The bar that has been removed 
then is sent to the chemical reprocessing plant where the 
fission products may be extracted and the fissionable ma- 
terial is recovered for reuse. Means for accomplishing this 
have been developed at Hanford, but few would argue that 
they are not susceptible of great improvement. 

A continuous process of some type, rather than a batch 


process, would have many advantages. As the continuous 
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fuel feeding of a stoker or a powdered coal burner has re- 
placed intermittent hand firing, and as continuous ash or 
slag removal has replaced intermittent grate cleaning in 
coal-fired boilers, so continuous feeding and purging may 
be expected to be developed eventually for reactors. Just 
how this can be done is not now Clear, for the difficulties are 
not alone those of a mechanism to handle the radioactive 
materials, but even more those of designing a reactor which 
lends itself to such processes. 

The need for adequate shielding has been mentioned. 
This is not peculiar to reactors used for power generation 
and experience being gained in the design of laboratory 
reactors should provide most of the needed information. 

The problem of controlling a reactor so as to maintain 
some desired level of activity has been well discussed by 
Friedman.! For a power unit, however, where the usual 
requirement is to meet some power output demand, the 
problem is considerably more complex. In fact, it may be 
so great that it will be necessary for the first installations to 
be operated under conditions that will permit disposing of 
whatever power the unit may tend to generate at the time 
by feeding the power into a system having other generating 
capacity which can absorb the variations. 

There are many other details that will need attention be- 
fore a practical power generating unit can be built. Impor- 
tant pieces of auxiliary equipment will have to be modified 
extensively or developed. Pumps that circulate the heat 
transfer fluid will need to be immune to damage by radio- 
activity of the fluid, and the construction must be such that 
when the inevitable repair or replacement becomes neces- 
sary the work can be done safely by the use of special tools 
and devices. And so on through a long list of apparatus. 

The discussion up to this point has considered the more 
general problems for which some solution must be found be- 
fore a nuclear power plant of engineering significance can 
be built. If we can judge by the experience in other fields, 
it is not to be expected that the first units—the pilot plants 
units—will show great similarity with units that may be 
built after 10 or 15 years of experience, of trial and error. 

Nonetheless the broad general outlines are, perhaps, now 
sufficiently clear so that it may not be venturing too far into 
the realms of fantasy and wishful thinking to look at some 
of the economic factors that are involved. In doing so it 
must be kept in mind that there are special applications, 
chiefly military and naval, when considerations of expedi- 
ency in particular values outweigh economic considerations. 
But in general nuclear power will not become widely useful 
unless it can be developed to a point where it can justify 
itself on a cost basis. 

It will help the analysis to take a conventional fuel-burn- 
ing steam turbine power station as a starting point and note 
the points of similarity and the differences. 

No important change is required in the turbine-generator 
unit with its condenser, nor in the associated electric switch- 
gear. 

The steam generator will differ in several details from a 
fuel burning unit. If the heat transfer fluid is a gas, the 
unit may have many of the characteristics of a waste heat 
boiler; if the heat transfer fluid is a liquid or molten metal 
it will take on quite new characteristics. In either case the 
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heat transfer will be predominately by conduction and con- 
vection and almost not at all by radiation. This will have 
a marked influence on the design, especially in the steam 
generating sections. More uniform use of the heat transfer 
surfaces may be expected and this taken with the elimina- 
tion of the furnace volume will result in significant reduc- 
tions in size of the steam generator. Structurally it will be 
necessary to place particular emphasis on tightness, for any. 
leaks might result in contamination which might be trouble- 
some on either side. This may require the use of corrosion- 
resistant alloys and almost complete welding of all joints. 
New provisions for cleaning and purging the steam side will 
be necessary as it must be possible to carry out these opera- 
tions without exposing the operator to dangerous radiation. 
If molten metals are used, some means must be provided 
for draining the metal on shutdown or for melting it in 
place when starting up. 

The reactor and the fluid heat transfer system have no 
close counterpart in the fuel burning station. They are 
entirely new elements. In bulk they probably will be 
rather smaller than the furnace combustion space for an 
equal output: Géilliland,? in one example, has assumed a 
reactor in the form of a cube ten feet on a side as appro- 
priate for a 45,000-kw unit. To this must be added the 
heavy radiation shield of concrete or similar material and 
space for the fluid circulating pumps. There is no need to 
discuss again the general requirements for feeding fission- 
able materials and removing fission products. The control: 
system quite certainly will be more complex than for the 
fuel burning station. oF 

The nuclear power station will not be required to handle 
large weights of fissionable materials or fission products.. 
On the other hand the intense radioactivity of the fission 
products will require elaborate, and probably bulky, equip- 
ment to permit safe handling. 

The nuclear station will not require forced and induced 
draft fans, nor air preheaters, but there will be other aux- 
iliary equipment of possibly equal bulk and about equal 
complexity. 

If the reactor can be so designed that the fissionable ma- 
terials, and the fission products, are tightly encased in metal 
capsules which are not opened until delivered to a chemical 
reprocessing and recovery plant, then the quantity of radio- 
active gaseous products will be limited and comparatively 
small and simple facilities will be adequate for their safe dis- 
posal. However, if this cannot be done, then there will be 
need for large and complex facilities. The fission products 
include significant amounts of radioactive krypton and 
xenon‘ and these gases would be difficult to dispose of as 
they do not form chemical compounds and can be liquefied 
only at very low temperatures. 

The picture of a nuclear power plant that thus emerges 
shows a turbine room and electric equipment galleries quite 
like those in conventional coal burning stations, though with 
smaller but much more complex equipment where the 
boiler room and coal handling equipment had been. 


ECONOMIC CONSIDERATIONS 


What will such a plant cost, and what are the prospects 
that it can produce energy at a cost that will be attractive 
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economically? In answer we can do no better than to 
quote from recent remarks of Commissioner Sumner 
T. Pike of the Atomic Energy Commission before the 
National Industrial Conference Board: 


Now, let us try to examine the second half of the question which 
is that of economic competition with other methods of producing 
power. I suppose it is a fair approximation to say that the cost of 
power from any source is made up of its capital cost, its operating 
cost, and depreciation or obsolescence. Hydroelectric power, as we 
know, normally has a high capital cost, a very small operating cost, 
very small depreciation, and since a good hydroelectric plant operates 
close to top theoretical efficiency, almost no obsolescence. A steam 
plant, and now we are talking about the boiler end of the steam 
plant, since the nuclear reactor as power producer is merely the 
boiler end of the plant—the steam plant has characteristically a low 
capital cost, a high operating cost, largely for fuel consumption, and 
a medium rate of depreciation or obsolescence which, since the initial 
capital cost is quite low, has little effect on the ultimate cost of power. 
When we get to the question of cost of power for atomic energy, we 
might as well admit at once that we are all at sea on each one of the 
major factors of cost. Until we have made a machine that will operate 
at all, we can’t have any accurate idea of the capital cost. Any cost 
estimates based on the presently available scanty data would indicate 
that the capital cost alone would be so high that if ever there were no 
operating or depreciation factors, interest on the capital alone would 
make the atomic power plant noncompetitive as against present 
methods of power production. This, however, should not be taken 
very seriously because as soon as the first practical working prototype 
is in operation, then the matter of capital costs can and will be seriously 
attacked, and if previous history is any indication, good research 
development and engineering skill will effect radical reductions. 
Operating costs will probably be high in the first instance. Only the 
future can tell about the cost of fuel. If exploration for large deposits 
~-of uranium is successful, which is a reasonable hope, operating costs 
for fuel can be pulled down into the practicable range. This is a 
question which only time and effort can solve and effort is being 
expended in this search. Labor costs on nuclear reactors will tend 
to be high at first, but as we work from the experimental zone it 
should be lowered gradually. When it comes to depreciation and 
obsolescence, we can expect to have very high rates at first and have 
no reasonable hope of expecting ever to get down to the low rates 
applicable to hydroelectric power production. 


A few further comments may be added. In making a 
comparison of nuclear and fuel-burning power plants, it 
should not be assumed that they can be placed on sites 
equally advantageous with relation to the load. Until 
years of successful operation have proved their reliability, 
no prudent engineer would place a large nuclear power sta- 
tion in the heart of a large city or in densely populated or 
industrially very important The “ever present 
chance, however small, that something might go wrong and 
release large amounts of intensely radioactive material 
would dictate sites in areas where a failure would be less 
disastrous. Also, as mentioned before, the problem of safe 
disposal of radioactive products may raise problems that are 
solved much more easily in outlying areas. 

Although it frequently has been suggested that nuclear 
power plants offered particularly attractive advantages in 
areas where adequate supplies of condenser cooling water 
were not available in lakes or rivers, this does not meet-the 
test of critical analysis. As a heat engine—a steam turbine 
or a gas turbine—is required in either a nuclear or a fuel- 
burning plant, the conversion efficiency will be influenced 
equally by the availability or lack of cooling water. Higher 
final temperatures mean lower efficiency, larger turbines, 


areas. 
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steam generators, reactors, and so forth, and higher fuel 
consumption. All that can be said with certainty is that at 
some time in the future nuclear power plants may not be 
influenced as adversely as fuel-burning power plants by lack 
of natural cooling water supplies. 

The last part of this discussion applies specifically to 
power plants for central power system supply and, quite 
clearly, it is not applicable to a number of other cases. For 
example, for ship propulsion, and especially in naval vessels, 
the possible savings in weight of ‘fuel’? may offset a large 
increase in first cost and the hazards may be minor in com- 
parison with others that are accepted. Each case involves 
distinct problems and it would be folly to argue from one to 
the other without checking the validity of the-assumptions. 
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Variable-Resistance Spring 


A highly sensitive mechano-electrical transducer, which 
transforms slight displacements into large changes of 
resistance, current, or voltage, is being developed by W. 
A. Wildhack and his associates of the National Bureau of 
Standards, Washington, D. C. The active element of 
the device is a helical or conical spring wound in such a 
way that the initial tension varies slightly along its length. 
Thus, when the ends of the spring are pulled apart, the 
turns separate one by one rather than simultaneously. 

When the spring is entirely closed, it has an electric 
resistance approximately that of a cylindrical tube. When 
it is completely open, its resistance is that of the total length 
of the coiled wire. Resistance thus can be varied over a 
wide range by stretching the spring. As the percentage 
change in resistance may be hundreds of times greater than 
the percentage change in length, displacements as small as 
1/100,000 of an inch easily can be measured without the 
use of electric amplifying devices. The spring transducer 
thus provides a sensitive means for conversion of any 
mechanical displacement to a change in an electrical quan- 
tity that can be determined precisely. When connected 
to another transducer which gives a mechanical displace- 
ment output (a bimetallic strip responding to temperature 
changes, for example), the combination gives an easily 
measurable electrical output. This type of use suggests 
numerous scientific and industrial applications, including 
strain gauges, pressure elements, accelerometers, electric 
weighing devices, automatic temperature controls, d-c—a-c 
inverters, and voltage regulators. 

To decrease contact resistance between successive turns 
of the closed spring, a high average initial tension is built 
into the spring, and the turns are coated with 0.0001 inch 
of gold. Thus far, nickel-alloy wire has been mainly 
used, because of its high resistivity and small change of 
mechanical properties with temperature. 


ELECTRICAL ENGINEERING 


The 230-Kv Ring Bus for Grand Coulee Power Plant 
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RAND COULEE POWER PLANT at Coulee Dam, 
Wash., is the largest hydroelectric power plant in the 
world and will have an ultimate installed capacity of over 
2.3 million kw. This unprecedented concentration of 
generating capacity presents a real and worthwhile problem 
regarding the selection, design, and development of the 
most desirable bussing arrangement. It was concluded 
early in the studies of the various possible bussing arrange- 
ments that the three performance factors which should be 
given major consideration were: 


(a). Circuit-breaker interrupting capacity. 
(6). Stability. 
(c). Ease of operation and flexibility. 


Most present-day high-voltage transmission systems use a 
solid high-voltage bussing arrangement, or slight varia- 
tions from it, because of the availability of quick-clearing 
high-interrupting-capacity circuit breakers. For all but the 
larger generating stations, present-day circuit-breaker inter- 
rupting capacities of 3.5 million kva permit the use of a 
solidly connected high-voltage bussing arrangement which 
gives a high degree of stability and flexibility of operation. 
However, in the case of Grand Coulee power plant, the 
installed and available circuit-breaker interrupting capaci- 
ties were not sufficient to permit the use of a solid high-volt- 
age bus. With the installation of only six of the ultimate 18 
generating units, the degree of solid bussing was limited by 
the 3.5-million-kva interrupting capacity of the circuit 
breakers. Two solutions appeared available: 


(a). 


kva. 


(b). Reduce the magnitude of the short circuit by sectionalizing the 
bus or by using bus-tie reactors. 


Increase the circuit-breaker interrupting capacity to 10 million 


The solution to this problem required extensive network 
analyzer studies and design and cost analysis, as well as 
field tests at Grand Coulee Dam to prove new circuit 
breaker designs of ultrahigh interrupting capacities. As 
the studies progressed, it soon became evident that the 
greatest ease of station and system operation would be ob- 
tained with a high-voltage bus solidly connected. With a 
solid bus, the power flow is such that the load is delivered 
with the smallest number of kilovars for a given line ca- 
pacity. A 230-kv solid ring bus also will permit transferring 
power around the bus from a high generation section to a 
high load area up to the capability of the transmission lines. 
This requirement is particularly important when five 
generators are off the transmission system for pumping dur- 


Digest of paper 48-193, “Development of the 230-Kv Ring Bus for Grand Coulee Power 
Plant,” recommended by the AIEE power generation committee and approved by the 
AIEE technical program committee for presentation at the AIEE Pacific general meeting, 
Spokane, Wash., August 24-27, 1948. Scheduled for publication in AIEE TRANS- 
ACTIONS, volume 67, 1948. 
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ing the irrigation season and large blocks of power must be 
transferred from one bus section to another. 

Final selection of a 230-kv ring bus for Grand Coulee 
power plant was based on the following conclusions: 


(2). Maximum system operating flexibility with a symmetrical 
switching arrangement is obtained with a 5-section 230-ky ring bus. 


(6). A high degree of over-all stability is obtained by the solid bus 
arrangement when using present-day high-speed circuit breakers and 
relays. 


(c). The most important means for improved performance and 
simplicity of bussing arrangements was the use of high-interrupting- 
capacity 10-million-kva circuit breakers, such as shown in Figure 1. 


(d). By use of a 230-kv ring bus, additional generation and corre- 
sponding line capacity can be added easily by adding bus sections. 


(e). A main ring bus and a sectionalized auxiliary bus with double 
circuit breakers in alternate line positions provides the greatest 
operating flexibility and ease of maintenance at the least cost. 


(f). The 230-kv ring bus with two parallel lines to each load center 
permits the installation of the simplest type of relaying, thereby 
increasing the reliability of operation. 


The 230-kv ring bus which has been developed for Grand 
Coulee power plant will provide the required characteris- 
tics of flexibility, simplicity of operation, ease of maintenance, 
maximum stability, and simplicity of relaying at the most 
reasonable cost for operation of the world’s largest hydro- 
electric power development. Essentially, the ring bus 
scheme consists of connecting the main busses in the 230-kv 
left and right switchyards together with two tie circuits 
crossing the Columbia River to form a closed ring to which 
all generators and lines are connected. The ring bus is 
divided into five sections through a bus-tie circuit breaker 
with each section containing three generators and two trans- 
mission lines so that in case of a bus fault only 20 per cent of 
the generation and line capacity would be lost. 


A 10-million-kva 3-cycle 20-cycle-reclosing conven- 
tional tank-type 230-kv oil circuit breaker 


Figure 1. 
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Test of Ionization Level of Rubber-Insulated Cables 


R. Cc. GRAHAM 
ASSOCIATE AIEE 


T HAS BEEN FOUND that the inception point of 
ionization or corona within electrical components, 
especially solid dielectric cables, should exceed the normal 
operating voltage of the component in order to eliminate 
deleterious physical and electrical effects associated with 
ionization. Most of the equipment so far developed to 
determine ionization point has been designed individually 
for specific laboratory applications and, consequently, pre- 
sented certain shortcomings for general purpose and pro- 
duction use. Commercial equipment now has been de- 
veloped to overcome such objections and has been applied 
successfully in laboratory and production testing. Destruc- 
tive ionization occurs at voids or air spaces within the com- 
ponent or dielectric and since evidence necessary for a 
critical analysis of this action generally is destroyed through 
the mechanism of breakdown, the need for a method to 
detect voids by a nondestructive and practical means is self- 
evident. 

Measuring equipment utilizing bridge circuits based upon 
transient analysis have been designed with high sensitivity, 
accuracy, and other advantageous features. However, the 
need for adjustable balancing capacitors and other compli- 
cations indicated that a filter circuit might have advantages 
particularly where ease, speed, and range of measurement 
were dominant factors. This latter circuit has been incor- 
porated in commercially built equipment which provides 
portability and compactness together with adequate sensi- 
tivity and accuracy. This has been made possible by 
elimination of ionization effects from all circuit constants, 
and the incorporation of a broad-band sensitive amplifier 
together with a cathode ray oscilloscope for visual detection. 

Since terminations are usually a part of the device or 
cable under test, it is extremely important that they be free 
of surface leakage in the form of discharges that would be 
picked up readily at voltages considerably lower than the 
true ionization under measurement. ‘The development and 
use of two distinct types of termination has proved successful 
for use in laboratory and production testing of cables in that 
they are simple, convenient to apply, and corona-free at the 
voltages encountered. These terminals consisted of 


(a). Exponentially flared semiconducting neoprene stress cones 
filled with glycerine. 


(6). Oil-filled insulated cylinder with mercury pool at one end. 
It is possible to confine ionization measurements to short 


increments of cables through the use of a close-fitting tubular 
probe electrode which provides a nondestructive means of 


Digest of paper 48-198, ““The Measurement and Investigation of Ionization Level of 
Rubber-Insulated Cables,” recommended by the AIEE insulated conductor committee 
and approved by the AIEE technical program committee for presentation at the AIEE 
Pacific general meeting, Spokane, Wash., August 24-27, 1948. Scheduled for publica-~ 
tion in AIEE TRANSACTIONS, volume 67, 1948. 
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locating voids within a long length. Further analysis by 
dissection or X ray then may be used to determine the exact 
physical nature of the low ionization areas. Such a proce- 
dure has been used for analysis of factory cable repairs and 
may be advantageous in similar application to field splices 
and repairs. 

Test data were obtained on nominally rated 5-kv oil-base 
rubber-insulated cables conforming to ASTM specification 
D574. Comparative tests showed that the ionization detec- 
tor checked the results obtained by the more laborious inter- 
pretation of the power factor—voltage characteristics of the 
test specimen. It was discovered further that the power 
factor-voltage procedure indicated an average corona level 
for a long length of cable whereas the corona detector indi- 
cated the minimum point of ionization within the length. 
This is significant since the lowest value is associated with 
the weakest part of the cable. 

Data disclosed a linear relationship might exist between 
breakdown voltage and ionization level. Other factors 
such as time of voltage application and temperature exhib- 
ited only minor effects upon ionization level. The cause 
and correction of low ionization was found to be associated 
with the cable design as well as manufacturing techniques. 
Elimination of porosity and voids, good concentricity, 
smooth contours, and close fitting coverings all contributed 
toward improvement of ionization level. The use of con- 
ductor adhesives and conductor shielding was investigated 
and found to have beneficial effects on ionization level. 

The corona detector can be applied as a satisfactory pro- 
duction test on rubber-insulated power cables; such a test 
procedure is advantageous because of its nondestructive 
nature and as an indication that design and manufacture 
has been correct in producing a cable, or other electrical 
component as the case may be, whose ionization level is 
safely above its intended operating voltage. Considerable 
data also have been obtained upon polyethylene thermo- 
plastic insulated types of power and communication cables. 
The expansion and contraction characteristics of poly- 
ethylene are so appreciable that very special extrusion and 
handling conditions must be observed if a void-free product 
is to be obtained. Since the ionization of voids in poly- 
ethylene cause rapidly deteriorating effects, it is already 
recognized that the ionization detector must be used as a 
production control test on any polyethylene cable intended 
to operate at voltages in excess of 1,000 volts if satisfactory 
performance is to be obtained. 

The significance of ionization tests is not limited in its 
importance to cables. The very fact that the transformers, 
capacitors, connectors, and other circuit components used 
in the ionization detector unit itself required special treat- 
ments and, in some cases, redesign in order to obtain 
corona-free performance within their nominally rated volt- 
age range, indicates a similar need for rigid investigation. 
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HE EXISTENCE of 
American Standards 
means much to the purchas- 
ers and users of electric mo- 
tors in their application of 
these machines. An impor- 
tant part of this consideration 
is the extent to which motors 
built by competitive manufacturers are alike and therefore 
interchangeable for application purposes. 


THE STANDARD MOTOR 


For purposes of illustration, the standard motor will be 
considered to be in accordance with AIEE, American 
Standards Association, and National Electrical Manu- 
facturers Association Standards since there is no basic 
conflict between any of these Standards, but rather the 
differences that exist are in the extent to which the motor 
is defined. 

Let it be assumed that a user of electric motors purchases 
a motor from each of the several companies which manu- 
facture and sell motors in accordance with NEMA, ASA, 
and AIEE Standards. The purchase orders well might 
include the following standard specifications: 


Type classification...........+...- Squirrel cage, general purpose 
NCA LAG ape veer ekacalers Wer «elite: «13) 220/440 

PEPECHIIENICY Ge caine itis weleipie ini ae os 0 60 cycles 

PHASE Me eee ater ccinciny oe 3 

RLOUSCPOW EL ysis iets + <[atP cee 36k [F 5 

Synchronous speed...........-....1800 

Temperature rise... ....-.+.2-020- 40 degrees centigrade 
Dis (20S as on oppo aoe or an Omge Continuous 

PYIStEt ATOM Pet tisibis es are nlc wep ore Class A 

Design classification...............B 

PinGlosiire scr sar sient seta s . Open 

“Baptns Yet) oe ey Ca ee i ee 254 
Mounting.....0.......«-..--..-.-.Horizontal, with feet 
Terminal location.................Standard 

a ATICG eae aisle ote einen de ie esses Standard 


The Standards of AIEE, ASA, and NEMA as they may 
apply to these motors now may be considered. 


AIEE STANDARDS 


In the development of standards there must be certain 
fundamental standards set up as a framework on which 
more specific details can be built. 

In electric motors, as in other electric equipment, the 


basis of rating is fundamental. AIEE Standard Number 1 


Essentially full text of paper 48-138, “Standards as Applied to Motors and Motor Appli- 
cations,” recommended by the AIEE Standards committee and approved by the AIEE 
technical program committee for presentation at the AIEE summer general meeting, 
Mexico, Federal District, Mexico, June 21-25, 1948. Not scheduled for publication 
in AIEE TRANSACTIONS. 


W. R. Hough is engineering vice-president, Reliance Electric and Engineering Com- 
pany, Cleveland, Ohio. 
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Motor standards are a very useful tool in the 
field of motor application. 
edge of the standards will assist the purchasers 
and users of electric motors in doing a proper 
application job and in securing successful and 
uninterrupted operation. 
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establishes the basis of rating 
for electric machinery. 

It has been established 
through the work of eminent 
engineers that class A in- 
sulation (organic insulating 
materials) will withstand suc- 
cessfully total temperatures 
of 105 degrees centigrade. In open-type motors, it has 
been established that temperatures measured on the 
surfaces of the windings by thermometer may be expected 
to be 15 degrees lower than temperatures in the hottest 
spot in the windings, and further that open-type motors 
for general service should be expected to operate success- 
fully in ambient temperatures of 40 degrees centigrade. 
It therefore follows that a basis of temperature rating of 
open-type machines should be a measured temperature 
rise by thermometer, at rated conditions, of 50 degrees 
centigrade. However it is further recognized that motors 
for general service must be expected to be applied under 
conditions of load that are not accurately known in ad- 
vance. Hence, the development of standards for general 
purpose motors, in recognition of these facts, provides for 
a factor of safety based upon a temperature rise, at rated 
condition, of 40 rather than 50 degrees centigrade. This 
permits a margin of 10 degrees rise which normally allows 
continuous overloads of 15 per cent without exceeding safe 
temperature on the insulation. 

Other fundamental standards include methods of de- 
termining motor performance. The AIEE has established 
test codes defining the methods which may be used for 
testing various types of electric machinery. For polyphase 
induction motors, the test code is AIEE Number 500. 


Study and knowl- 


ASA STANDARDS 


ASA has assembled a framework of standards developed 
from the basic AIEE Standards, which, for polyphase 
induction motors, are included in Standard C-50 covering 
rotating electric machinery. 

Broadly speaking, the ASA Standards define standard 
ratings, standard types of machines, and standard conditions 
of operation. They do not include dimensional standards 
or trade practices. 


NEMA STANDARDS 


NEMA Standards represent further expansion of the 
framework of standards, particularly in the direction of 
specific motor application standards. 

It is in order to repeat at this point that there is no basic 
conflict in these standards. Each has a place and they 
serve the purpose of supplementing each other. 

With reference again to the specific 5-horsepower motor, 
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the characteristics may be examined in some detail as 
they are defined by the AIEE, ASA, and NEMA Standards. 
What have they in common as a result of these standards? 


DIMENSIONS 


Figure 1 gives dimensions and tolerances which would be 
common to all motors. If in ‘addition slide rails were 
purchased with the motors, their mounting dimensions 
would be the same. From this it may be seen that the 
motors would be dimensionally interchangeable on the 
mounting base and to the connected load. Further, 
dimension sheets supplied with the motors would have 
standardized lettering of all significant dimensions. 


TERMINAL MARKINGS 
The terminal markings and connections would be in 
accordance with ASA C 6.7-7944 and as shown in Figure 2. 
MECHANICAL APPLICATION DATA 


Type of Drive. The following types of drive would 
represent good practice: 


(a). Flat belt. 


Standard pulley dimensions in inches are 


yim ten nepre crave © cictele 6) sis eto uvtetoisi.e sys ce/ ais ay aticla (ole sajeXelsae aielsvarsne ateye:'aisi 41/2 

VVC tla Meeieseretotalehesiaelaisi elietavaraisl als ole -aslepele tole iota lefelisieletene utnjecetpieveisve loins 41/9 

[PaNP elton arama Bot OD Oe cod DR Mat CBC OEittOS DEAD Sr bin os moet esd 4 

Balley. bore menegre titer iciots telat) sicko sos ol ols clase aisle ove fo) letenia eieiterois is) sis oies 11/s + 0:02 
—0.000 


Limiting pulley dimensions in inches are 


Manirarreanpilleya diame terse ree pis tars teeicay- ele sietetcierey ere iatoseleiom eleteked ates 31/2 

WEA xirmirsd WIGtH Gore) a 5 c.cleicle's Severe «iets s) <ieve oteisis\ s\sejausiele(o/als\elevele ehelnjelclsiciele 41/5 

Inner face of pulley to be in line with shoulder on the shaft, with 
one-quarter inch from inner face of pulley to inner face of hub. 
Outside of hub to be in line with end of shaft. 


(6). V belt. 


Limiting V-belt sheave dimensions in inches are 


Minimum Pitch diametersneveyecster- (1s cao loseveeictrsiaielavelicietrGfarecielersn nls en/ 4 
Maximumiywidth Of Sheavectseysc «came ese ects aloseo wal cre eaie vis elite rosea 4/2 


(C)pe Gear 

(d). Chain. A limiting chain sprocket dimension is the minimum 
pitch diameter of 2.16 inches. 

(e). Coupled. 


Motor Vibration. The amplitude of vibration (total 
peak to peak displacement) would not exceed 0.001 inch 
when measured as defined in the NEMA Standards. 


Electrical Application Data. These design classification 
B motors would be designed to withstand full voltage start- 
ing and the following characteristics could be counted 
on for application purposes: 


Locked rotor current at 220 volts would not exceed 90 amperes. 

Locked rotor current at 440 volts would not exceed 45 amperes. 

Locked rotor torque would be 185 per cent of full load torque. 

Breakdown torque would be 225 per cent of full load torque. 

Slip at rated load less than 5 per cent with a variation in slip from 
that indicated by name plate speed of not more than 20 per cent. 


These general purpose open motors are rated at 40 
degrees centigrade, a conservative rating, and will carry 
continuously 1.15 times their rated load when operated 
at their rated voltage and frequency. This factor of 1.15 
is known as a service factor. 

The allowable variation from rated voltage for successful 
motor operation should be not more than 10 per cent 
above or below, but motor performance will not necessarily 
be in accordance with standards established for operation 
at rated voltage. 

The allowable variation from rated frequency for 
successful motor operation should be not more than 5 
per cent above or below, but motor performance will not 
necessarily be in accordance with standards established 
for operation at rated frequency. 

The allowable combined variation of voltage and 
frequency for successful motor operation should be not 
more than 10 per cent above or below, but motor per- 
formance will not necessarily be in accordance with stand- 
ards established for operation at normal rating. The 
Standards explain the effect of variation of voltage and fre- 
quency on the characteristics of the motors. 

The Standards provide for the operation of general- 
purpose 60-cycle motors on 50 cycles. Briefly stated, 
the same breakdown and locked rotor torques in per cent 
of full load torque as given for 60 cycles, 440 volts, will be 
realized at approximately 415 volts, 50 cycles. Higher 
50-cycle voltage will result in higher torque. The tem- 
perature rise of 440-volt 60-cycle 40-degree-centigrade-rise 
motors, in general, will not exceed 50 degrees centigrade 
when operated at 50 cycles at the same horsepower and 
with voltage between 415 and 440 volts. 
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Name Plate Data. The following minimum amount of 
information will appear on the name plates of all of the 
motors: 


1. Manufacturer’s type and frame designation. (The basic NEMA 
Standard frame number 254 will be a part of this designation.) 


Horsepower output. 

Time rating. 

Temperature rise. 

Revolutions per minute at full load. 
Frequency. 


Number of phases. 


Voltage. 


ye enanwapA YN 


Full Load amperes. 
10. Code (letter indicating maximum locked kva.) 


11. Design letter of motors. 


Test and Curves. Motors will have received commer- 
cial tests as enumerated in the Standards. The complete 
engineering tests which the manufacturers will have made 
on motors of this rating will have been made in accordance 
with AIEE Number 500, Test Code for Polyphase Induction 
Motors. 

In the event the purchaser requests the manufacturer 
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to supply reports of tests.and characteristics curves, the 
data will be supplied on standard report of test forms and 
standardized characteristic curve forms. 


APPLICATION CONSIDERATIONS 


It should be apparent to the user that because of the 
detailed Standards that have been produced, much is 
known about these motors that will aid in their proper 
application, and there is indeed much in common between 
the motors that he may purchase from the several manu- 
facturers to permit him latitude in serving his applications. 

However, for the moment it may be assumed that the 
particular standard motor that has been discussed does not 
meet the user’s application requirements. 
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How broad then are the standards from which he may 
make the proper selection to meet his requirements? In 
the interest of brevity, Table I covers the significant range 
of the American Standards for large power polyphase in- 
duction motors. 

These Standards are not static but constantly are being 
expanded and clarified to assist purchasers and users in 
their job of proper application. Among recent additions 
to the Standards, two major developments may be cited. 

The first is the expansion of the coverage of 50-cycle 
motors. Performance characteristics now are covered 
about as completely as are 60-cycle motors. 

The second is the recent revision pertaining to design 
classes of motors. The Standards of locked rotor torque 
and breakdown torque are much more realistic of the 
values built into the motors than had been previously true. 
Because of the importance of torque and slip values to proper 
applications, representative applications of each of the de- 
sign classes are included here: 


Design A. ‘This may be described as a relatively high starting current, 
normal torque, normal slip motor. Its field of application is the 
same as design B. Its purpose is to cover motor designs wherein 
considerations may make impractical meeting the starting current 


limitations of design B motors, for example, the larger totally enclosed 
fan-cooled motors. 


Design B. This is the basic standard motor. It has low starting 
current, normal torque, and normal slip. Its field of application is 
very broad and includes fans, blowers, pumps, and machine tools. 


Design C. This motor has high starting torque, normal starting 
current, and normal slip. Its field of application includes compressors 
and conveyors which may have high starting torque requirements. 
Design D. This motor is the high slip motor. It has high starting 
torque and normal starting current. It may be built in a number of 
types but its field of application is principally for punch presses, 
shears, and other high impact loads. 


Design F. This is an infrequently used motor. It has very low start- 
ing current, low breakdown torque, and normal slip. Its field of 
application is where starting current limitations are severe and where 
breakdown torque requirements are low. 


Table I. Extent of American Standards for Large Power Poly- 
phase Induction Motors 
a 
te Brame Standards, <0. cares ccsvine 16 frame sizes, 203-505 inclusive; including 


slide rails 
.12 standard mounting positions covering floor, 
wall, and ceiling mountings 
Ae PLA OS) Gia clainin dete tare clade akties ats 3 standard flanges, types C, D, P 
4. Enclosure.,.........+++++++.++-Included in standard ratings and frame: Open, 
splashproof, totally enclosed, totally enclosed 
fan cooled. Covered by definition only: 
Many other types 


2. Frame mountings . 6c cess sie <i 


5, Shafts,.......sse+eeeeee++++++-Standard, direct coupled, standard taper for 
tapered shafts 
6, —Pérminal marking... 06... 59 ser ASA C-6.1 covers all types 
7. Balance. .......Method of measurement, limits of vibration 
8 Mechanical drives - — “flat. Galea Speed limitations, horsepower limitations. 
belt, V-belt, gear, chain, coupling Limiting dimensions of pulleys, sheaves, 
Bernese PMAae eae esters ete vichavebe Sere sprockets 
9., Classification. ......meesesasieiner Squirrel cage-—constant speed, multispeed; 
wound rotor 
Asus Violtaye: ceuiohevaiea se ae citer teens 110s 5208, 12200440, 550, 2,300 volts 
11. Frequencies, , 5. 600; 50}e25hcycles 
12. Phase,. ..Two and three phase 


* .1/2-200 hp, inclusive; 150-hp maximum 
assigned to standard NEMA frame 
. .2-16 poles 


13. Horsepower rating, . 


14. Speed ratings, athate 
15. Design classes — = = aquiirrel: 
cage. . . Design A, B, C, D, F 

Ga Dwi, berate .eeeeeeeeess-Continuous, short time 

17. Types of insulation HeiGnanune anor A, B, C, O. Type H (silicone) covered by- 
AIEE Standard 1 

. Usual, more favorable, less favorable 

.Commercial tests, method of testing, report of 
tests, forms for characteristic curves, lettering 
of dimension sheets 

20. Special applications..........+-- Elevator, crane, shell type, hermetically sealed, 

and buffer and grinder motors 


18. Service conditions............+-+- 
19) Tests and datas oc .c.c5.<ccclee sissies 


971 


Tests at 500-Kv Station at Chevilly 


FRANCOIS CAHEN 
MEMBER AIEE 


HE 500-kv experimental station of Chevilly, near 

Paris, France, has been built with a view to making a 
close study of the behavior of the lines to be used when build- 
ing up the French 400-kv system. Present economic condi- 
tions in France do not favor the use of copper conductors, 
in consequence two solutions have been considered for the 
equipment of these lines: 


1. Utilization of large diameter (1.58 to 1.97 inches) “expanded 
aluminum-cable steel-reinforced (ACSR)” conductors. 


2. Use of a bundle of two conventional ACSR (1.04-inch-diameter) 
conductors, the total cross section of which is equal to the economic 
section. 


To facilitate at the opportune moment the rapid layout 
of a 400-kv system, while meeting the future needs for ex- 
tension of the existing 230-kv system, the new high-capacity 
transmission lines of the latter are being designed in the 
form of double-circuit 230-kv 6-conductor lines laid on a 
horizontal plane and convertible into single-circuit 400-kv 
lines. Thus was built the line Le Breuil—Chevilly which is 
252 miles long and is equipped with six standard 0.638- 
square-inch ACSR conductors. It was placed in operation 
in December 1946. 

When this line is converted into a single 400-kv line, if 
single large-diameter conductors be utilized, the six conduc- 
tors now in use will have to be taken down. If, however, the 
bundle technique is adopted, the conversion of the line will 
be obtained through a mere regrouping of the six conductors 
now in operation into three bundles of two conductors 
each. This second method is not only quicker than the 
first but offers also the advantage of utilizing only standard 
cables. 

The station of Chevilly was built mainly for carrying out 
experiments and comparisons on the two methods as re- 
gards corona losses and radio influence under all kinds of 
atmospheric conditions, for selecting the optimum operat- 
ing voltage, for determining, when utilizing bundle conduc- 
tors, the most favorable spacing between conductors, and 
finally for studying insulators and line hardware. Studies 
of spacing included consideration of the corona effect, the 
sticking of conductors under the effect of the wind and elec- 
trodynamic stresses due to short circuits, also their disposi- 
tion either on a vertical or horizontal plane. 

In order further to study the influence of air density on the 
corona effect (some lines of the French system having to be 
strung of their length about 6,500 feet above sea level) two 
more experimental stations have been built, one at Chevilly, 


Digest of paper 48-199, ‘‘Results of Tests Carried Out at the 500-Kv Experimental 
Station of Chevilly (France), Especially on Corona Behavior of Bundle Conductors,” 
recommended by the AIEE transmission and distribution committee and approved by 
the AIEE technical program committee for presentation at the AIEE Pacific general 
meeting, Spokane, Wash., August 24-27, 1948. Scheduled for publication in AIEE 
TRANSACTIONS, volume 67, 1948. 


Frangois Cahen is manager, system studies and research division, Electricité de France 
Paris, France. 
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close to the 500-kv line, and the other in the Alps at Alpe 
d’Huez, 6,000 feet above sea level. 


GENERAL CONCLUSIONS 

A general survey of the theoretical studies and tests which 
have been carried out for the last 18 months leads to the 
positive conclusion that it is possible to operate a line of the 
same type as the experimental line of Chevilly under a 
phase-to-phase voltage equal at least to 400 kv with a fre- 
quency of 50 cycles. 

Should the technique of two bundle conductors be adop- 
ted, the right spacing will be 16 to 20 inches, with which 
corona losses are but little over the minimum corresponding 
to the conductors utilized (1.04-inch diameter) and for 
which the minimum number of spacers per 1,640-foot span 
to avoid conductors sticking does not exceed two for‘con- 
ductors bundled in a horizontal layout. When the bundle 
is laid vertically, no spacer is required, which makes this 
layout more advantageous in this respect; it means, how- 
ever, slightly higher towers, therefore, a slight increase in the 
cost of erection of the line. 

With an operating voltage of 400 kv, losses in fine weather 
are less than 0.8 kw per mile and are comparable to those on 
existing 230-kv lines; they are therefore much lower by 
comparison with the transmitted power. Losses in bad 
weather are much higher, but if allowance is made for the 
alternate spells of dry and wet weather, the total amount of 
power lost through corona is perfectly admissible. 

As regards the influence of altitude, the experiments car- 
ried out at the two 230-kv stations proved the accuracy of 
Peterson’s formula, according to which the voltage corre- 
sponding to a given value of losses varies in inverse ratio to 
6 2/3, 6 being the relative air density. 

Estimates based on the recordings made at Chevilly as 
well as on a survey of the route covered by the Le Breuil- 
Chevilly line (252 miles long) with consideration also of the 
rainfall and the differences in altitude along this same route, 
make it possible to figure the average of corona losses per 
annum at about 4 kw per mile if this line were operated 
under a mean voltage of 400 kv. Under 440 kv, losses 
would be two to three times higher, which still would be 
admissible. 

In reality the limitation of the operating voltage will de- 
pend on radio disturbances; it is not certain that it may be 
possible in this respect to go much over 400 ky, at least not 
without increasing the diameter of conductors at certain 
points. 

With regard to expanded conductors, experimentation 
has not been going on long enough as yet to be able to draw 
definite conclusions on the subject: in particular, all types 
of cables have not been tested. For the time being it 
appears that expanded conductors seem to give much 


higher losses than the bundle conductors, especially in dry 
weather. 
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Transmission System From Grand Coulee 


Ba Ve sLOAR D 


MEMBER AIEE 


HE TRANSMISSION SYSTEM of the Bonneville 

Power Administration transmits power from the Grand 
Coulee project to three major load centers in the states of 
Washington and Oregon. The project will have an ulti- 
mate peaking capability of about 2,300,000 kva, which will 
result in the largest concentration of electric power from one 
hydroelectric dam in the world. The immediate problem 
of transmitting this large amount of power from Grand 
Coulee to the load centers is to a certain extent over- 
shadowed by the fact that the Columbia River Basin has a 
possible economical development of over 10,000,000 kw, 
and whatever circuit arrangements are made at Grand 
Coulee will influence the planning and design of the other 
future generating stations and transmission systems. 

A number of studies have been made to determine appro- 
priate transmission line and switchyard connections at 
Grand Coulee which will best meet the load, operating 
flexibility, stability, economy, and other requirements of 
the over-all system. Three schemes were investigated: 


1. Parallel line pairs fed from isolated busses. 


2. A sectionalized ring bus with various amounts of reactance 
between bus sections. 


3. An interleaved line scheme which provides synchronizing power 
between bus sections. 


The results of the studies show that by use of a high-volt- 
age transmission grid considerable over-all economy will be 
obtained. The transmission grid requires fewer lines and 
utilizes heavier line loadings to load centers without any 
sacrifice in stability. Such a grid requires the bussing of 
generators and lines at Grand Coulee, but with the resultant 
disadvantages of very high circuit breaker duty and in- 
creased switchyard and circuit breaker costs. When all 
generators are bussed directly, the greatest operating flexi- 
bility is obtainable, but circuit breakers of from 12 to 15 
million kva will be needed in the ultimate development. 
However, if the bus is sectionalized with a small amount of 
reactance between sections, a material decrease in circuit 
breaker duty is obtained, as indicated from the curves of 
Figure 1. The figure shows that approximately the same 
degree of stability is obtained by either a solid bus or a 12 to 
13 per cent reactor, but a 6 per cent reactor gives a greater 
degree of stability. The reduced oscillation with optimum 
reactors must be evaluated as a greater margin of safety 
with which to meet the fault condition during a time when 
some other line or facility is out of service. A small react- 
ance between bus sections also increases the transient sta- 
bility of the system. The reactors increase the cost of the 


Digest of paper 48-196, “Development of the Transmission System From the Grand 
Coulee Power Plant,?? recommended by the AIEE transmission and distribution and 
power generation committees and approved by the AIEE technical program committee 
for presentation at the AIEE Pacific general meeting, Spokane, Wash., August 24-27, 
1948. Scheduled for publication in AIEE TRANSACTIONS, volume 67, 1948. 


B. V. Hoard and E. E. Helwith both are with the United States Department of the 
Interior, Bonneville Power Administration, Portland, Oreg. 
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installation somewhat, and future operating conditions may 
arise where the current-carrying capacity of the reactors may 
be exceeded. 

As a result of these studies, a 5-section 230-kv ring bus 
with sectionalizing circuit breakers was adopted. ‘Three- 
cycle line circuit breakers of 10,000,000-kva interrupting 
rating will be used, and provision has been made to allow 
for installation of bus sectionalizing reactors at a future 
date. The sectionalized ring bus, in addition to meeting 
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other requirements, makes it possible to maintain transient 
stability following a bus fault, or in the event of failure of 
equipment to clear a line fault. Such an occurrence makes 
it necessary to lose only one bus section, since necessary 
synchronizing power can flow between other bus sections 
and other parts of the transmission system. 
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The “Phantastron” Control Circuit : 


JAMES R. McDADE 


HE rapid development 

of the science of elec- 
tronics during the war period 
in the form of radar, sonar, 
and television has led to and 
been supported by continu- 
ously improved and increas- 
ingly complicated control 
circuits, for control circuits form the heart of any applica- 
tion in which discontinuous-type actions are performed. 
These have advanced from the realm of single tube relaxa- 
tion oscillators and spark gap modulators to a position of 
major importance sometimes involving the use of scores 
of tubes for the single purpose of obtaining accurate control 
of transmission and indication. The well-known multi- 
vibrator circuits have been widely utilized as master control 
circuits, often growing into large proportions as successive 
additions and supplementations were added in order to 
provide increased stability and linearity of control. 

In this article will be presented a description and explana- 
tion of one of the newer types of control circuits, the 
“phantastron.” The circuit has had important application 
in the famed “bombing-through-overcast’”’ radar sets 
AN/APS-15, AN/APQ-13, and AN/APQ-23, and, in view 
of its improvement over conventional-type delay multi- 
vibrator circuits, it no doubt will find extensive application 
in the television field. A comparison of the characteristics 


Figure 1. Con- 
struction of 6SA7 
tube 


of the delay multivibrator and the phantastron is included 
in Table I. This comparison has been extracted from a 
Massachusetts Institute of Technology Radiation Labora- 
tory report. 


TUBE AND CHARACTERISTICS 


In the following discussion an acquaintance with the 
characteristics of ordinary negative-resistance trigger cir- 
cuits is assumed and explanation is based on this foundation. 

In preface to discussing the actual circuit, it will be 


Essential substance of a paper “The Phantastron Single Tube Control Circuit,” pre- 
sented at the South West District Student Branch conference held at the University of 
New Mexico, May 6, 1947; subsequently awarded the AIEE national prize for Branch 
paper for the academic year ending June 30, 1947, which award was presented at the 
Institute’s recent 1948 summer general meeting. 


James R. McDade is now in the electrical engineering department, Northwestern 
Technological Institute, Evanston, Ill. He was formerly a Student Member while in 
the school of engineering, Southern Methodist University, Dallas, Tex. 
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A single-tube control circuit has been devised 

which had important application in delay 

circuits for radar use. This article, in which 

the circuit is described, was awarded the AIEE 

Student Branch paper prize for the academic 
year 1946-1947. 


profitable first to investigate 
the tube which forms the 
heart of the timing circuit. 

A 6SA7 supercontrol pen- 
tagrid converter tube is em- 
ployed. The tube was devel- 
oped originally for providing 
a highly stable frequency 
source when employed as a converter. This was af- 
forded by a special type of construction which was such 
that a change in signal grid voltage produced little 
change in cathode current. This of course reduced to 
a minimum the degenerative and regenerative effects of 
the cathode impedance. 

This type of operation is accomplished by the construc- 


600K 


Figure 2. Circuit 
for obtaining char- 


acteristic curves 250K 


tion illustrated in Figure 1. In order to give grid 3 a 
supercontrol characteristic, its support rods are placed in 
the electron stream. ‘This splits the electron beam necessi- 
tating the addition of collector plates on grid 2 to collect 
the excess electrons. The number of electrons which 
reach the plate is controlled by grid 3. However, grid 3 
does not control the number of electrons emitted from 
the cathode. This function is performed by grid 1 such 
that if grid 3 allows plate current to flow, it can be con- 


Table I. Comparison of Delay Multivibrator and Phantastron 
for 150-Microsecond (20,000 Yards Range) Maximum 


Item Delay Multivibrator Phantastron 


Linearity of duration delay versus 
control volts 


-.. 0.25) per’ cent from... 


+ 10 per cent change in filament... 


voltage about the value 6.3 v 


+10 per cent change in B voltage... 


about the value of 250 v 


Temperature coefficient (per cent. . 


change in duration per deg C) 


Maximum over-all sensitivity to. . 


all tubes 


Microphonics (light tapping of... 


tubes) 


3-9 to 150 psec 


+0.5 per cent change... 


in duration 


+5 per cent change in... 


duration 


>— 0). 005 pericent.c.). sas 


. +10 per cent change.. 


in duration 


2 per cent change in. . 


duration 


Mc Dade—‘Phantastron’’ Control Circuit 


+0.1 per cent from 5 
to 150 psec 

+0.15 per cent change 
in duration 

+0.15 per cent change 
in duration 

—0.002 per cent 


. =5 per cent change 


. +0.2 per cent change 


in duration 
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trolled to some extent by grid 1. The cutoff bias for grid 3 
is approximately 6 volts (with respect to cathode). For 
biases greater than 6 volts on grid 3, electrons emitted 
from the cathode and passing through grid 2 are repelled 
back to it by the negative voltage on grid 3. All the 
electrons emitted by the cathode then are collected by grid 2 
and grid 1 (if sufficiently positive). The characteristic 
curves for the 6SA7 were obtained by utilization of the 
circuit pictured in Figure 2. Curves of plate current 
versus grid 1 potential for various values of grid 3 potential 
are plotted in Figure 3. It may be seen immediately 
that the negative-resistance-type characteristics are ob- 


Plate 
versus 
grid 1 potential for 
various values of 
grid 3 potential 


Figure 3. 
current 
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tained. A particular sample sheet taken with grid 3 
potential at +25 volts with respect to ground is shown in 
Figure 4. In order to analyze the tube action over the 
various values of grid 1 voltage, this figure will be utilized. 

Beginning at a highly positive value of grid 1 potential, 
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Figure 4. Curves of plate and grid currents versus grid 1 po- 
tential (grid 3 potential constant at +25 volts) 


say 65 volts, it may be seen from the curves that plate 
current is zero. From Figure 5 (and from the circuit 
itself) the reason for this lack of plate current is seen to be 
high grid 3 bias. Grid 1 bias is slightly positive which 
accounts for the high grid 1 current—approximately 3 
milliamperes. At this point the cathode current is dividing 
practically equally between the grids 1 and 2. Excessively 
high grid 1 potentials will cause the erid 1—-cathode elements 
to act as a diode, robbing grid 2 of its current. 

As grid 1 potential is decreased, its bias approaches zero 
with a consequent decrease in grid 1 current, the extra 
current going to grid 2 causing its current to increase. This 
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process continues until, at approximately 40 volts potential 
on grid 1, the bias on grid 3 rises to cutoff and the plate 
begins to draw current. As grid 1 potential decreases, 


the voltage on the cathode will decrease and the grid 3 
bias will decrease, allowing plate current to increase. 


Figure 6. Typical phantastron control circuit 


This continues until the compensatory effects of a de- 
creasing grid 1 potential tending to decrease cathode current 
just balances the effect of a decreasing grid 3 bias tending 
to increase plate current. That this balance occurs 
over a wide range of values for grid 1 potential is shown 
by the flat portion of the curves, Figures 3 and 4, The 
effects of variation of grid 3 potential on the limits of this 
flat balance also are shown on Figure 3 for values of grid 3 
potential ranging from 0 to +40 volts. 


PHANTASTRON DELAY CIRCUIT 


A typical schematic illustrating the phantastron delay 
circuit is given in Figure 6. The heart of the circuit is the 
phantastron tube itself, the 6SA7.__The 657 serves double 
duty, the left portion acting as a cathode follower, the 
right as a disconnecter diode, both elements functioning 
to prevent excessive loading of the plate circuit of the 
6SA7 when it is conducting. 

In discussing the action of the circuit the gain of the 
cathode follower is assumed to be unity. While this is 
not strictly correct, it is of no qualitative importance so 
far as the general theory of the circuit is concerned. 

Wave forms obtained from the circuit are shown in 
Figure 7 for conditions of control voltage of 250 volts and 
grid 3 voltage of 25 volts with respect to ground. 

Inasmuch as several different actions occur simul- 
taneously within the circuit, it will be necessary to consider 
each discontinuous part of the wave form individually. 
Accordingly, the discussion will be divided into six periods 
corresponding to those indicated in Figure 7. 


be) 


PERIOD I 


This is the normal quiescent operating period before the 
application of a trigger. Plate current is cut off due to 
the high grid 3 bias. Grid 1 bias is approximately positive 
1.3 volts, causing a rather large flow of current from both 
grids 1 and 2 to the cathode (grid 1 is tied to B+ through 
1 megohm, affording the positive bias condition). The 
cathode and grids 1 and 2 are acting as a triode conducting 
at approximately 0 bias. The plate potential is held con- 
stant at the control voltage (+250 volts) by the diode 
disconnecter tube. 


PERIOD II 


This period is initiated by a negative pulse of approxi- 
mately 25 volts applied to grid 1. For easiest explanation, 
consider the pulse to be rectangular, the duration of the 
period corresponding to the duration of the pulse. The 
pulse is transmitted through the cathode follower onto 
grid 1, causing its potential to drop. (It also extinguishes 
plate current in the disconnector diode.) As the potential 
of grid 1 falls, the cathode potential falls with it (see Figure 
5). As the cathode voltage decreases, the bias on grid 3 
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also falls, eventually passing cutoff and allowing plate 
current to flow. The drop in plate voltage is determined 
by the plate to ground capacity as it discharges through 
the tube. As the plate current increases, the plate voltage 
drops further, which drop is fed back through the cathode 
follower onto grid 1 carrying it down still further, the 
action being regenerative. Assuming that the 500 micro- 
microfarad capacitor does not change its voltage during 
this period (time constant for this capacitor being approxi- 
mately 250 microseconds), the potential by which the 
plate drops determines the drop at grid 1. This process 
acts along a line A-B (Figure 4) which terminates on a 
point satisfying the tube characteristics for a fixed grid 3 
potential of +25 volts. That is, with grid 3 potential 
fixed, the cathode will fall until the grid 3~cathode bias 
allows an amount of plate current to flow such that the 
sum of plate current and screen grid current give the 
required cathode potential across the cathode resistor. 
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Figure 8. Prepulse 
circuit conditions 


This point is represented by point B on the tube charac- 
teristics. It should be noted that this drop depends on 
the time constant of the plate to ground capacitance and 
upon the grid 3-cathode characteristics. It is practically 
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independent of the plate voltage (within the range of 
voltages used such that the amplification factor is constant). 


PERIOD III 


The 500 micromicrofarad capacitor was charged initially 
to the control voltage minus the initial grid 1 potential, 
which, for all purposes, was identical to the cathode 
potential. This capacitor now proceeds to discharge. 
The static prepulse equivalent circuit is given in Figure 8 
with the discharge circuit in Figure 9. After the tube 
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Figure 10. Experimental wave forms 


draws plate current, grid 1 itself draws no current so dis- 
charge must occur through the 1-megohm grid leak re- 
sistor. The capacitor would like to discharge with the 
approximate goal voltage of 300 volts with a time constant 
of 500 microseconds. However, as the left side of the 
capacitor starts to rise, grid 1 increases from its value B 
and, as may be seen io the tube characteristics, this 
action causes plate current to increase. Coneanea i the 
plate voltage falls and this is fed back through the ca- 
pacitor to grid 1, counteracting its rise. Thus the tube 
acts to prevent the capacitor discharge or to give the effect 
of a prolonged time constant. 
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The initial slope of the grid wave form may be obtained 
by differentiating 
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Then, in a region of moderate g,,, the time constant at 
the plate will be approximately wR,C,, in our case 30500 
microseconds or 15,000 microseconds. For all practical 
purposes, then, the plate has a linear wave form during 
this period. 

The period ends when, due to the characteristics, plate 
current ceases to increase with increasing grid 1 voltage; 
that is, when the plateau part of the curves is reached. 
This is, by definition, a region of low g,,, which means 
that the wave form of plate voltage becomes nonlinear. 
Note that the actual value of maximum plate current is 
dependent neither on grid 3 potential nor on the value of 
control voltage on the plate. Thus the plate will fall to 
a final value independent of control voltage setting so long 
as the circuit elements are unchanged. 


PERIOD IV 


This period is constituted by the time taken for capacitor 
discharge to allow grid 1 to pass through +5 to +20 volts 
during which time the plate current (and the plate voltage) 
are constant (the flat portion of the curve, Figure 4). 
Grid 1 and cathode voltage will continue to rise but with 
a shorter time constant, feedback being unavailable. This 
period is explained by the action of a rising voltage on grid 
1 increasing cathode current and hence cathode voltage. 
Increasing cathode voltage increases grid 3 bias which 
tends to decrease plate current. The net result is for plate 
current and plate voltage to remain constant. 


PERIOD V 


During period 5, the effect of the rising cathode voltage 
in increasing grid 3 bias and thus cutting off plate current 
is more predominant than the grid 1 rising and trying to 
increase plate current. An increasing grid 1 voltage now 
causes plate current to decrease or plate voltage to increase 
which increase is fed back to grid 1 causing it to increase 
further. At some point along the cycle grid 1 will become 
sufficiently positive to draw current and will conduct at 
0 bias. The rising of the plate voltage is determined 
by the sharpness of the grid 3-cathode cutoff characteristic 
and the rate at which the plate-to-ground capacitance 
will charge. 


PERIOD VI 


The plate now must return to control voltage (charging 
through plate-ground capacitance) and grid 1 must re- 
sume the quiescent value for cathode potential. The 
cycle is now complete; the circuit has regained normal 
quiescent operation and will remain thus until the inci- 
dence of the next trigger pulse. 
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SUMMARY 


1. The initial drop (during period II) of the plate voltage is con- 
stant, independent of control voltage setting (within limits, of course). 


2. Period III is nonlinear toward the end of the period since the tube 
is operating in a region of low gn. 


3. The voltage to which the plate falls is for all purposes constant 
regardless of control voltage setting. 


4. The recovery time from period III to period V is for all purposes 
constant. A blocking oscillator is fired sometime during the rise of 
voltage in period V. 


5. Change of duration of wave form varies essentially in a linear 
fashion with change of control voltage setting. This may be verified 
by an inspection of the wave form, keeping in mind points 1 through 
4. (Duration of period III depends directly on control voltage.) 


6. Wave forms are greatly exaggerated in so far as time is concerned. 
Periods II, IV, and V are very short whereas period III is very long. 
Actual experimental wave forms are given in Figure 10. 


Atomic Motor 


Thisis an atomic-motor model, which was a feature of the Westintg- 
house “Theater of Atoms,” at New York City’s Golden Anniversary 
celebration held at Grand Central Palace, August 23 to September 
19,1948. A 200,000-volt charge is transmitted to each of seven 
copper spheres mounted on a plastic wheel. The spheres pick 
up this charge and are driven away from the miniature atom 


smasher by electric repulsion. As a result, the “motor” spins 
around at speeds up to 100 revolutions per minute. The future 
hope of scientists is that a lump of radioactive material will replace 
the electric charge of the smasher to make possible the direct 
conversion of atomic energy into electric energy 


OTT. 
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Electrical Heat Generation in Metal Bar 


STRAIGHT metallic bar, of uniform section, main- 
A tained at a constant uniform temperature, has flowing 
through it at constant density a steady, continuous current 
of magnitude J. The electric equipotential surfaces are the 
plane sections of the bar, perpendicular to its edges. 

By some suitable method, the difference in potential 
V,—V, between two such sections is determined. Also by 
some suitable method, the rate of removal of heat Q,,, from 
the volume of the bar between the sections A and B, which is 
necessary to keep the bar temperature constant, is deter- 
mined. 

Then always (V,—V,)I and Q,, are equal in magnitude. 


True or false? 


Answer to Previous Essay 
The following is the author’s reply to his previously pub- 
lished essay (EE, Sep ’48, p 904). 


The author’s answer is false. 
The family of curves 
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and so forth, approaches the curve shown by the heavy line 
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D in Figure 1 of this reply and not the curve C shown in 
Figure 1A of the essay. 

To see this, we first must define what we mean by saying 
that the curve D is the limit of a sequence of curve 5}, So, 
S3,....and so forth. This we do as follows. Surround the 
ostensible limit curve D by a strip or belt of width ¢ (shaded 
strip in Figure 1). Then D is the limit curve of the sequence 
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if, no matter how small the belt width e is made, we always 
may go far enough along in the sequence, 5}, 5», S3,....So 
that all the curves in the sequence beyond this point will be 
each respectively entirely within the belt of width e. 

The curve C of Figure 1A of the essay is not the limit 
curve of the sequence S;, S,...according to this definition. 
The last arches to the right of Si, S2, 53, Ss, are shown in 
Figure 2 of this reply. The heights of these arches do not 
approach the value 1.000 as we proceed in the sequence, 
but approach the value 1.179. Hence, if we draw a narrow 
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belt about the curve C, the sequence members, $j, $2, 53... . 
all protrude outside the belt, no matter how far along we 
may go in the sequence. 

This peculiarity in the convergence of the curves repre- 
sented by partial sums of a Fourier series at a discontinuity 
in its generating function, is called ‘The Gibb’s Phe- 
nomenon,” in honor of its discoverer, J. Willard Gibbs, | 
America’s greatest native-born scientist. 

The sequence of functions given by 
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and so forth, has as its limiting function, the function G(6) 
defined as follows: 


For @ between —90 degrees G(6) =1 —90 degrees << 9< 
and +90 degrees, +90 degrees 

For 6= —90 degrees G(@) =0 

For 6=+90 degrees G(@) =0 


J. SLEPIAN (F’27) 
(Associate director, Westinghouse Research Laboratories, East Pittsburgh, Pa.) 
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The Space Charge Due to 


Corona 


OTTO J. M.SMITH 


MEMBER AIEE 


NEW TECHNIQUE for measuring the field strength 
and deducing the ion density about a wire in corona is 
needed. One such new method is measurement of a-c 
corona directly with a crystal galvanometer connected be- 
tween two probe screens. The net space charge density 
was derived from the field strength curves in a single mathe- 
matical step, using Poisson’s equation. The amount of 
charge present may be shown quantitatively by using a 
special function of the charge density. This is the total net 
charge contained in a cylindrical shell, one centimeter long, 
one centimeter thick, and of a parametric radius R. This 
total net charge is designated by Q. It is a convenient 
notation, for Q does not vary as a cloud of ions moves 
radially, but can change only by diffusion, recombination, 
or the introduction of new ions. 
Q=2npr=1/2 (E+r dE/dr) 
The area under a curve of Q versus r is the total net charge 
contained in the entire electric field per centimeter axial 
length of the cylinder. The area under the curve of Q be- 
tween two co-ordinates r’ and r” is the total net charge per 
unit axial length in the cylindrical shell of internal radius r’ 
and external radius r”. 

The total charge can be determined graphically from the 
curve of field strength versus distance. The construction 
is shown in Figure 1. The line AB is drawn tangent to the 
field-strength curve at the point A, which corresponds to 
the parametric radius R. This line has a slope of dE/dr. 
It intersects the ordinate line for the radius 2R at the point 
B. The vertical distance between A and B is equal to the 
term r dE/dr in the equation. The vertical distance from 
R to A is equal to Fin electrostatic units. Since the slope is 
negative, (E+r dE/dr) is equal to R to A to B, or the distance 
‘from point 2R to B. Since Q is one half of this value, a line 
is drawn from the origin to the point B, interesecting the 
ordinate RA at the point C. RC is the total net charge Q 
in electrostatic units if the field strength E is so measured. 

The research showed the mechanism of the ion motions 
to be similar to that represented in Figure 2. At zero time, 
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Smith—The Space Charge Due to Corona 


Figure 2. Artificial 
derivation of net 
total charge curves 


TOTAL CHARGE 
+ 


° 


ae IVE IONS ALONE 


TOTAL NET CHARGE, 


The dotted line is the 
negative space charge; 
the light solid line 
is the positive space 
charge; the heavy solid 
line ts the net space 
charge. Arrows show + 
the directions the tons 
have been moving 


NEGATIVE IONS ONLY 


HAS BEEN IN THE DIRECTION 


180° THE MOTION OF THE IONS 
OF THE ARROWS 


360 


t pe f 


CENTRAL INCREASING OUTER 
WIRE RADIUS CYLINDER 


a body of ions is assumed to be left over from the previous 
negative corona, and elsewhere there is a uniform distribu- 
tion of positive and negative ions. During the positive half 
cycle, the negative ions would move toward the wire. A 
few low-mobility ions would be left near the outer limits of 
the corona-ion penetration. A large number of positive 
ions would be introduced due to the new corona, and these 
would have higher mobilities and move farther than the old 
negative ions coming in at large radii. At the end of the 
first 180 degrees, three distinct regions can be recognized. 
During the next half cycle, the positive ions would be pulled 
back, and a space charge due to negative corona fed out. 
Not all of the new positive ions would be collected, because 
some, due to aggregation, would have had their mobilities 
decreased. No consideration has been given to diffusion or 
recombination, though the magnitude of the latter deter- 
mines the final values of ion densities in the middle region. 
Even so, this artifice results in a zero-degree curve remark- 
ably similar to that determined experimentally. The net 
charge bumps in the middle region are due to pockets of 
ions of both signs moving back and forth through each 
other. The form of the distribution in this region is altered 
by changing either the large cylinder diameter or the 
applied voltage. Rough calculations of ion mobilities, by 
following characteristic net charge bumps in this region, 
yielded 3 to 4 centimeters per second per volt per centimeter, 
which agrees with precise values of other investigations. 


Digest of paper 48-201, ‘““The Space Charge Due co Corona,” recommended by the 
AIEE basic sciences committee and approved by the AIEE technical program com- 
mittee for presentation at the AIEE Pacific general meeting, Spokane, Wash., August 
24-27, 1948. Scheduled for publication in AIEE TRANSACTIONS, volume 67, 1948. 


Otto J. M. Smith is lecturer in electrial engineering, University of California, Berkeley. 
Calif. 
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Pumping for Power in the Colorado Rockies 


FRANK M. WILSON 
ASSOCIATE AIEE 


HE VAST Colorado-Big Thompson transmountain 

water diversion project for irrigation and power de- 
velopment has for its operating heart the Granby pumping 
plant. This plant is of special interest due to its size, its 
unusual construction, its related storage and diversion 
facilities, and its key position with respect to a large hydro- 
electric power development. 

The water for diversion will be impounded by the Granby 
Dam and will be raised by the Granby pumping plant to a 
canal discharging into Shadow Mountain Reservoir. This 
reservoir, formed by the Shadow Mountain Dam, will be 
connected by a short channel to a natural body of water 
called Grand Lake. The 13.07-mile-long Alva B. Adams 
Tunnel will carry the water by gravity flow from Grand 
Lake under the Continental Divide and Rocky Mountain 
National Park to the eastern slope. 

After leaving the east portal of the Alva B. Adams Tun- 
nel, the water will pass through a series of siphons, conduits, 
tunnels, reservoirs, and a total of seven power plants on its 
way for use for irrigation purposes. The seven power plants 
will have a total installed capacity of 154,300 kw and an 
estimated annual energy generation of 730,000,000 kilo- 
watt-hours. 

The combination of natural and man-made features of 
this project makes pumping for power production feasible 
by utilizing for hydroelectric power generation the diversion 
water with its tremendous drop of approximately 2,973 feet 
after it has been raised in elevation a maximum of 186 feet 
by the Granby pumping plant. Pumping operations will 
require only about six per cent of the electric energy which 
ultimately will be generated by the diversion water. 

The 94-foot variation in the inlet head in the Granby 
Reservoir together with the long suction pipes made it 
necessary that the pumps be installed below the minimum 
reservoir level to insure freedom from cavitation throughout 
the wide operating range. This required that the pump 
house structure be founded deep in the ground. To resist 
the high hydrostatic and earth pressures the lower structure 
of reinforced concrete will consist of a rectangular central 
section with semicircular ends with the central section hav- 
ing cross walls and beams and massive exterior buttresses. 

The pumping plant will be connected by two transmis- 
sion Circuits to insure reliability of power supply since opera- 
tion of the eastern slope power plants is so closely tied in 
with pumping operations. To insure operation if one 
supply circuit is out of service, the pumping plant was de- 
signed for two methods of motor starting, namely, full- 
voltage starting when connected to the normal power sys- 


Digest of paper 48-200, “‘Pumping for Power in the Colorado Rockies,” recommended 
by the AIEE power generation committee and approved by the AIEE technical program 
committee for presentation at the AIEE Pacific general meeting, Spokane, Wash., 


August 24-27, 1948. Scheduled for publication in AIEE TRANSACTIONS, volume 
67, 1948. 


Frank M, Wilson is with the Bureau of Reclamation, United States Department of the 
Interior, Denver, Colo. 
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WYOMING 


Figure 1. Map 
showing location of Shans 
project where sur- a 
plus water will be 
pumped from the 
western to the 
eastern slope of 
the Rocky Moun- 
tains 
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tem, and reduced-voltage starting when connected to the 
minimum system. 

The three pumping units will each consist of a vertical- 
shaft centrifugal single-stage pump with a capacity of 200 
cubic feet per second at the maximum pumping head, 
driven by a synchronous motor rated at 6,000 horsepower, 
327 rpm, 6,600 volts, and 0.95 power factor leading. 

Both methods of starting will involve pressure introduc- 
tion of an oil film between the motor thrust bearing sur- 
faces to lower the necessary starting torque of the motor. 
The pump discharge valve will be closed for both methods 
of starting, and the reduced-voltage starting method will 
require in addition that the water level in the suction tube 
be depressed by compressed air below the pump impeller. 

After the auxiliaries have been put into operation, re- 
duced-voltage starting of a unit will be initiated by a manu- 
ally operated control switch at either of two stations which 
will close the reduced-voltage circuit-breaker in the switch- 
gear applying reduced voltage to the motor which will start 
and accelerate to maximum subsynchronous speed as an 
induction motor. The motor then will be synchronized at 
reduced voltage by the automatic application of excitation 
of the motor field at the optimum conditions of speed and 
rotor pole angular displacement. The reduced-voltage 
circuit breaker then will be opened automatically and the 
full-voltage circuit breaker will be closed automatically to 
apply full voltage to the motor. Manual operation of a 
control switch then will introduce water into the pump cas- 
ing until rated pressure at zero discharge is attained. The 
pump discharge valve then will be opened by manual opera- 
tion of a control switch and actual pumping will begin. 

The full-voltage starting sequence will be similar except 
the motor will be thrown on full voltage for starting and 
synchronizing, and the pump casing will be full of water. 
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Experience With High-Frequency Heating 


H. R. WINEMILLER 


MEMBER AIEE 


HE Commonwealth 

Edison Company al- 
ways has taken an aggres- 
sive position in the promo- 
tion of new uses of electric 
power. This is particu- 
larly true of high-frequency 
heating. In co-operation with the Great Lakes Power 
Club and the Chicago Lighting Institute, the company 
sponsored one of the first high-frequency heating con- 
ferences in January 1945. About 3,000 people attended 
the 3-day session of talks and all of the well-known manu- 
facturers exhibited equipment. Customer-contact men 
have brought manufacturers problems into the company’s 
laboratory, and tests have been made on these since the 
fall of 1943. More than 500 such tests have been made, 
about 300 of them being induction heating and 200 di- 
electric heating tests. 

It is thought that potential users of high-frequency heat- 
ing equipment have felt more free to contact the utility 
company for assistance and advice than to contact a manu- 
facturer of the equipment, for fear of feeling obligated. 
Demonstrations of the possibilities of this form of heating 
have been made to other than immediate potential users. 
Much work has been done and many tests made on jobs 
which do not appear to be economically justifiable at the 
moment, but this has no doubt contributed in a large 
measure to high-frequency heating “consciousness” of 
customers. In general, the manufacturer is interested 
principally in those jobs which may develop into immediate 
sales. 

There are six high-frequency generators in the laboratory. 
The induction heating equipment consists of a 50-kw motor 
generator set, a 30-kw spark-gap unit, and a 20-kw tube 
unit. The dielectric heating units consist of a 20-kw and 
a 3-kw general purpose set and a 1-kw bar sealer. Ac- 
cording to standard practice all sets are rated on output 
capacity except the spark-gap set which is rated on input 
capacity. 

Beside these testing facilities, several equipment manu- 
facturers have laboratories in Chicago and the others can 
send samples to their factories for processing. 


REQUIREMENTS OF SUCCESSFUL APPLICATIONS 


From the authors’ experience, one or more of the follow- 
ing conditions must be realized before a job ever results in 
a successful application: 


1. Low cost per piece treated. 

2. High quality of product. 

3. Improved working conditions. 

4, Special conditions which make other methods of heating not 


feasible. 
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High-frequency induction and dielectric heat- 
ing may be applied to many processes, but may 
not be justified. To study applications, one 
utility company has established a laboratory 
and works with customers to meet their needs. 


Winemiller, Bunte—High-Frequency Heating 


HAROLD BUNTE 
ASSOCIATE AIEE 


The cost to do ajob divides 
itself into first cost and operat- 
ing cost. Quite often the first 
cost of high-frequency heating 
equipment is higher than the 
first cost of conventional 
equipment to do the samejob. 

Since this is true, it is inherently a high production tool. 
Occasionally, the unique advantages to be attained will jus- 
tify this higher first cost on lower production rates of rela- 
tively valuable items. In order to take full advantage of the 
speed of high-frequency heating, often rather complex work 
handling equipment is necessary. In some instances this 
can be more expensive than the high-frequency generator. 
Not only is it costly, but the customer usually does not know 
where to secure it, nor just how it should be designed. 
Therefore, the manufacturer who can assist in designing or 
can supply the work handling equipment is finding this 
to be a very great advantage. 

A rule of thumb method of determining the cost of a high- 
frequency generator is to calculate the power requirements 
on a pounds per hour, specific heat, and temperature rise 
basis. From $500 to $1,000 per kilowatt depending on 
size may be taken as the installation cost. These figures 
are very approximate, but may help to get some general 
idea as to the probable cost to set up for a specific job. 
At least it will indicate whether the problem is worth 
investigating further. 

Shielding is an additional equipment cost which may be 
necessary, particularly with dielectric heating equipment. 
The Federal Communications Commission has set up 
maximum limits of unauthorized radio-frequency radiation 
in order to protect radio communication channels. Shield- 
ing costs may vary from a few dollars to a few hundred 
dollars, depending on the size and type of equipment. 

The speed of high-frequency heating makes it adaptable 
to continuous operations, and there is not the extra handling 
which is necessary for batch operations. Uniform quality 
and high production with a minimum of skilled labor 
contributes to substantial savings in time and rejects. 

On some work such as brazing, in order to meet a certain 
production rate it may be desirable to heat several pieces 
simultaneously for a longer time to allow heat flow to 
equalize temperatures, rather than to heat one piece very 
rapidly. For surface hardening applications the opposite 
~6f course would be true. For jobs well suited to high- 
frequency heating, any method of work handling will 


Full text of a conference paper recommended by the AIEE electronics committee and 
approved by the AIEE technical program committee for presentation at the AIEE 
Great Lakes District meeting, Des Moines, Iowa, April 1-3, 1948. Not scheduled for 
publication in AIEE TRANSACTIONS. 


H. R, Winemiller and Harold Bunte are electrical engineers with the Commonwealth 
Edison Company, Chicago, Il. 
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increase production over other heating methods from a 
limited amount of space. 

The outstanding advantage of high-frequency heating 
is the extremely high power concentrations possible. This 
is true for both induction and dielectric heating. The 
induction process allows selective heating because the heat 
is generated in the work so rapidly that flow by conduction 
is limited. Inherently, the heat generated by induction is 
in the surface of the work, this phenomenon being more 
pronounced at the higher frequencies and higher power 
concentrations. This allows various treatments not pos- 
sible by conventional heating methods, such as surface 
hardening by simple surface heating and different treat- 
ment of various parts of the same piece without heating or 
altering adjacent zones. Once a job is set up, every piece 
will get exactly the same treatment, thus attaining a degree 
of uniformity difficult to approach by other heating 
methods. 

Dielectric heating is the only method whereby heat can 
be generated evenly throughout materials generally con- 
sidered nonconductors of electricity. These materials are 
usually poor conductors of heat also. This permits high 
power concentrations and rapid rates of heating of thick 
sections not possible by other methods. Where heat 
must flow to the center of an object by conduction, the rate 
of rise of the center is limited by the allowable temperature 
of the surface. Another characteristic of dielectric heating 
is the fact that some materials heat more rapidly than 
others. This permits selective heating when the different 
materials are in layers perpendicular to the plates of the 
dielectric heater. An excellent example of this is glue line 
heating in the edge bonding of lumber. This concentrates 
most of the heat in the glue lines making the entire operation 
very efficient. By this method it is possible to set the glue 
in all glue lines of an object as large as a desk top in a 
minute or less. This is particularly desirable when the 
glued parts are to be used immediately. They are at prac- 
tically full strength when removed from the press. 

As with most electrically heated devices, working condi- 
tions in the immediate vicinity are ideal. No fumes, dirt, 
or waste heat goes to heating up the room. These better 
working conditions are definitely valuable in contributing 
toward satisfied worker relationships. 


EXPERIENCE DATA 


Table I indicates the number of laboratory tests and 
installations for various applications of dielectric and in- 
duction heating in the company’s territory. Included also 
is the average size of the machines rated on input kilovolt- 
ampere capacity. This installation record is not complete, 
but it should be representative and indicates the relative 
success of high-frequency heating for each type of work. 


Dielectric Heating Applications. In the classification of 
plastics only 37 laboratory tests were made, whereas ap- 
proximately 70 machines are known to be installed. This 
includes both heating plastic preforms as well as film seal- 
ing. Average size of this equipment is about 8-kva input 
capacity. This is a rather large average size because it 
includes some installations, each consisting of a number 
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of large fanchined nick may not be representative. Heat- 
ing plastic preforms is particularly well established, being 
one of the very first dielectric heating applications. The 
uniform heating all the way through the preform allows 
lower die pressures, consequently die life is longer and the 
quality of work is improved. Die closing time and curing 
time are reduced considerably, permitting higher pro- 
duction schedules. The fact that these advantages are so 
outstanding no doubt accounts for the large number of 
installations. In fact, the heating of plastics is the only 
field that has more machines installed in this territory than 
the number of laboratory tests that have been made. 

In the sealing of plastic films, two types of equipment are 
available. One is the bar sealer which seals.a certain 
definite line or area at one time by means of dies. The 
other type employs a scanning technique, progressively 
heating the film as it passes between two circular electrodes 
similar to a very small seam welder. Each type has a speci- 
fic place in industry. The bar sealer is ideally suited to the 
fabrication of a complete article from several individual 
pieces in a “one shot” operation. The sewing machine 
type of film sealer can employ attachments very similar 
to those of a conventional industrial sewing machine. 
Therefore it is well suited to such operations as putting a 
binding or hem around the edge of an article such as a 
plastic raincoat. 

Glue setting, principally in wood, rapidly is becoming 
one of the more promising applications of dielectric heating. 
It has been necessary to develop new techniques of handling 
the work. The electrode design becomes quite com- 
plicated in some cases. The electrodes can be arranged 
for three types of heating: through, stray field, and glue 
line. Through heating has been used for several years 
on a very large plywood manufacturing installation. For 
curing the glue in curved veneer shapes it is very satis- 
factory and is an economical way of setting this glue when 
all costs of alternate methods are taken into account. The 
value of the product in this instance is considerable, and 
any other method of doing this work is very complicated 
and laborious. Curing the glue in large items such as 
frames of grand pianos is economical because of the long 
storage period necessary when natural drying is used. 


Table I. Dielectric and Induction Heating Applications 
SS SSS =I 
Approximate 
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Tests Installed Kva 
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By placing bar electrodes of alternate polarity side by 
side on a flat surface, it is possible to generate heat without 
getting the electrodes on opposite sides of the work. As 
yet this electrode arrangement is in limited use. It heats 
the surface layer of the work and therefore makes some 
jobs practical which otherwise would not be economical. 
An example of this is the gluing of thin veneer to a solid 
or slotted core. Through heating would be slow and costly 
because of the large bulk of material heated. Further 
developments and refinements in electrode arrangement 
and experience data gained on the earlier installations of 
this type should contribute to many more of these jobs 
being installed. Small machines of about 1/2-kw output 
capacity are available having two electrodes side by side 
at the end of coaxial cable leads. This makes it possible 
to carry the electrodes to the work, and therefore to do 
“tacking” or spot gluing. The area that can be cured at 
one time is limited to a few square inches. In the assembly 
of small articles these portable machines may save clamps 
and clamping time by curing the glue almost instantly. 

The form of wood gluing which is coming into great 
popularity today is the assembly of narrow boards into 
larger sections by the process known as edge bonding. 
For the plant having sufficient production to justify the 
initial investment, this method of curing the glue can show 
huge savings. Economies are possible because of the 
greatly increased output and the very desirable type of 
work involved when compared to hand-operated clamps. 
The high production possible from one of these machines 
makes it necessary to have fast and efficient glue spreaders 


as well as air-operated clamps in order to utilize the unit 


at maximum efficiency. 

Setting the glue in cardboard cartons can be done with 
extreme speed and with very small power input. The work 
handling equipment is quite complicated, however, and 
this fact has kept the job from becoming popular. 

Because of the lack of knowledge as to which fields were 
well suited to dielectric heating, 35 tests have been made on 
experimental and miscellaneous problems. They include 
a wide variety of work which does not justify individual 
consideration here. 

Dehydration problems have resulted in 50 tests. This 
is more than any other dielectric application, yet there is 
no known installation in this territory. The reasons for 
this naturally divide themselves into two categories. In 
many instances the product is such that it is damaged by 
rapid heating. Occasionally this may take the form of 
cracking because of uneven shrinkage or expansion. At 
other times damage may be caused by pressure building 
up when the moisture turns to steam and the product is 
not porous enough to release the steam rapidly. Of even 
greater importance than this, however, is the cost of opera- 
tion. In materials such as laundry, grain, leather, wood, 
and ceramics, large quantities of moisture are evaporated 
and conventional methods of drying are practically always 
cheaper. Since a more economical method is available 
and usually the product does not have sufficient value to 


’ justify additional expense, these fields do not appear promis- 


ing for future high-frequency heating applications. 
Where it is extremely difficult to remove the last few 
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per cent of moisture, dielectric heating may do this eco- 
nomically. Dehydration in the manufacture of the drug 
penicillin is a good example of an expensive product 
which justifies the use of a relatively costly heat source in 
its manufacture. The nature of penicillin is such that it 
cannot be heated to a high temperature without damage. 
Therefore, conventional methods of dehydration to reduce 
the bulk require 24 hours. Dielectric heating has reduced 
this 24-hour job to 30 minutes. 

Weevil infestation is a problem in various materials 
and 15 tests have been made to kill the weevils and eggs 
by dielectric heating. The weevils are killed quite eco- 
nomically by fumigation. However, the eggs usually are 
not killed by this method, and they may hatch later. 
Where this is important, and where the value has been 
increased by processing as in packaged cereals, dielectric 
heating may be the solution. Also, material inside packages 
is very difficult to treat by any other method. Because of 
these conditions this application to packages appears more 
promising than to other infestation problems. Loosely 
packed fibrous materials probably will heat unevenly and 
arcing may occur at normal dielectric heating frequencies. 

Sterilization as used here refers to the killing of bacteria 
and fungi. Although considerable interest has been shown 
by customers who have brought in 17 of these problems, no 
positive results were obtained. 

Cooking, dehydration, infestation, and defrosting are 
problems common to food processing. Dehydration and 
killing of infestation usually can be done by cheaper 
methods and certainly this is true of defrosting frozen food. 
Cooking does not work very well at conventional dielectric 
heating frequencies because most food is not homogeneous 
and therefore heats unevenly. The “Radarange,” which 
operates in the 2,450-megacycle range of frequency, is 
not so selective and for example will heat fat and lean meat 
quite uniformly. Phenomenal heating rates are possible, 
such as cooking a steak in 45 seconds and similar extremely 
short cooking times. The cooking done is equivalent to 
boiling, and auxiliary equipment is necessary to give a 
steak the familiar ‘“‘browned” appearance. At this very 
high frequency the difficulty of arcing, which occurs when 
heating very fibrous material at lower frequencies, is not a 
problem. This may open up many new fields when rugged 
higher frequency equipment is available. At present the 
Radarange is leased to eating places. Another new type 
of processing equipment is the sandwich heater announced 
some time ago by a food vending concern. Operating at 
70 megacycles, it heats the sandwich inside a transparent 
Cellophane bag and delivers a hot sandwich a fraction of 
a minute after the coins are inserted. 

Induction Heating Applications. Brazing has been the 
most popular application of induction heating with 105 
tests and about 40 installations. The localized heating 
has great advantages and permits economies in this field. 
Other applications are shown in the table. 

Heat treating has been a particularly active field. The 
localized heating at extremely rapid rates assists in getting 
heat patterns not attainable in any other way. In order 
to get these rapid heating rates, a large amount of power 
is necessary. 
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Glue setting by induction may sound odd. The job 
involved usually is cementing loud-speaker cones to the 
metal framework. The supporting framework is heated 
inductively which sets the thermal acting glue used. 

Degassing of metallic elements in vacuum tubes is an old 
and successful application with about 15 installations. 

Melting with induction equipment offers many ad- 
vantages, particularly where controlled quality and purity 
of the melt is important. Very large equipment is in use 
for this purpose, as well as smaller sizes for melting a few 
pounds of metal at a time. 

Forging is a field to which induction heating offers many 
advantages. Substantial savings can be realized in longer 
die life and savings of material. High production rates 
and improved working conditions are other advantages. 
In spite of the possible benefits from induction heating in 
this field, only two installations are known, probably be- 
cause of the type of industry served. 

It is apparent that in some types of applications much 
interest has been displayed by customers as evidenced by 
the number of tests, but relatively few installations actually 
have been made. Some of the reasons for this are believed 
to be 
1. Some products are of such a shape that the area to be heated does 


not lend itself readily to getting electrodes or coils in the proper 
location. 


2. Too low production of an item makes it difficult to justify the 


first cost. This is particularly true if the job requires large amounts 
Most jobs are not too big, if there 


of power for short periods of time. 
is enough work to keep a machine busy. 


3. On high production items which may lend themselves readily 
to high-frequency heating, if the value of the product or the margin 
of profit is too low, it may not justify the cost of high-frequency treat- 
ment. 

4. On good applications where the customer could produce his item 
cheaper by using high-frequency heating, there may be a resistance 
to change and a slowness to accept new methods. 


5. Due to large postwar expansion in the field force, all the contact 
men are not yet thoroughly educated to recognize good or poor 
potential jobs when they see them. This has resulted in some poor 
applications being tested. 


FACTORS TO BE CONSIDERED 


These experiences with high-frequency heating may be 
of value to present and prospective industrial users. At- 
tention is called especially to the following points: 


1. High-frequency heating today is rather expensive and usually 
can be justified only by high production. 
2. Work handling equipment is 
(a). Quite important to the application. 
(6). Expensive. 
(c). Often hard to procure, 

In spite of some difficulties, it is believed that high-fre- 
quency heating will aid industry in its continual search 
for better goods for more people at lower cost. 


Transformers for Brazil 


Sixteen identical water-cooled power transformers bein i i 

g assembled at the General Electric factory in Pittsfield, M 
are rated single phase, 1,250 kva, 60 cycles, 44,000 to 2,300 volts. af ae sane 
and will be used in a main substation in Sao Paulo, Brazil. 


The transformers 


They are part of the modernization program of the Cia Docas Santos, 
Each transformer will be installed in a separate cell and will be cooled by 


an existing water supply 
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Polarity of D-C Control 


AN ATEE COMMITTEE REPORT 


Polarity of device coil connections is important 
in preventing coil corrosion. Replies to AIEE 
questionnaires indicated that there was no 
trouble resulting from coil corrosion where the 
negative connection was used, while more than 
50 per cent of the companies using the positive 
connection reported corrosion trouble. As a 
result of this report, the AIEE Standards com- 
mittee took action as reported in ELECTRICAL 
ENGINEERING, December 1947, page 1250. 


HE standardization of polarity of d-c control is impor- 

tant not only from the standpoint of the advantages of 
standardization in itself, but particularly so when serious 
trouble may be avoided by adopting the correct standard 
practice. 

Recently a working group, initiated by the AIEE sub- 
stations committee (previously the AIEE automatic stations 
committee), conducted a survey of representative operating 
companies and manufacturers throughout the United States. 
The purpose of this survey was to find out what their ex- 
periences have been and what their present practices are. 
The questionnaires forwarded to representative operating 
companies consisted of the following queries: 


1. What practice does your company follow when connecting the 
station battery to control coils and reason for such practice? 


2. Have you always followed the same practice—if not, when and 
reasons for change? 

3. If the positive polarity of the station battery is connected to 
control coils have you experienced any trouble with corrosion due to 
electrolytic action? 


4. If the negative polarity of the station battery is connected to 
control coils, have you experienced any trouble with corrosion? 


5. Would your company follow a standard if adopted by AIEE? 


6. Any additional information that you consider will assist the 
working group on polarity of d-c contro] in arriving at a definite 
conclusion. 


A similar questionnaire was sent to representative manu- 
facturers. A summary of all replies shows that 


Twenty-five companies now are using the negative polarity connection. 
Seven companies now are using the positive polarity connection. 
However, one of these reported considerable corrosion and expects to 
change to the negative polarity connection in the near future. 


Essential substance of a report prepared by the AIEE substations committee, G. S, 
Whitlow (M?39) Union Electric Company, St. Louis, Mo., chairman. 


Personnel of working group: J. H. Vivian (M’40) Southern California Edison 
Company, Ltd., Los Angeles, Calif., chairman; I. T. Knight (M’42) Kansas City 
Power and Light Company, Kansas City, Mo.; T. R. Halman (M’43) The Detroit 
Edison Company, Detroit, Mich.; V. E. McCallum (M ’38) Commonwealth Edison 
Company, Chicago, Ill.; J. M. Flanigen (M’25) Georgia Power Company, Atlanta, 
Ga.; K. N. Reardon (M’45) West Penn Power Company, Pittsburgh, Pa.; D. M. 
MacGregor (A 37) Ebasco Services, New York, N. Y.; J. H. Neher (M’38) Phila- 
delphia Electric Company, Philadelphia, Pa. 
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Five companies now are using both connections. 


Eight companies have changed from the positive polarity connection 
to the negative polarity connection because of corrosion difficulties. 


One company changed to the negative polarity connection after a 
report on corrosion appeared in Relaying News. Another company, 
while experiencing no corrosion difficulties with the positive polarity, 
changed in order to conform with its understanding of modern 
practice. 


Seventeen companies who are using or have used the positive polarity 
connection reported corrosion troubles, while 15 in the same classi- 
fication attributed no corrosion difficulties to the positive polarity 
connection. However, two of the latter 15 companies reported the 
use of heaters in housings and cubicles. 


No cases of corrosion were attributed to the negative polarity con- 
nection. 


A substantial majority indicated that they would follow a standard 
if adopted by AIEE. 


Two manufacturers prefer the negative polarity connection while the 
third failed to state his preference. 


The results indicate that by connecting various control 
coils to the negative polarity of the station battery, corrosion 
by electrolytic action is reduced to a minimum. This is 
substantiated further by technical papers!—* and by one 
manufacturer and a chemical engineer. 

The manufacturer stated, 


“The problem of coil corrosion which we meet is an elec- 
trolysis phenomenon due primarily to condensation of moisture on 
the coils in outdoor equipments, such as trip coils of outdoor circuit 
breakers. To prevent condensation causing electrolytic corrosion 
requires that whatever coil treatment is used hermetically seal the 
coil. When the condensation occurs on the surface of the material, 
it rapidly absorbs CO, and other impurities from the surrounding 
air, forming an electrolyte such as H,CO;. With 125 d-c control 
voltage, we are in the range of very high voltages for electrolysis. 
Current flows through the electrolyte across the coil surface to the 
grounded coil frame through some infinitesimal crack in the coil in- 
sulation to some one coil wire. From the grounded coil frame it re- 
turns through the ground to the midpoint of the usual ground de- 
tecting means on the station control battery, usually a couple of 10- 
watt lamps, or two d-c voltmeters with the midpoint grounded.” 
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Joints and Clamps for Aluminum Conductors 


GORDON BREE O 


MEMBER AIEE 


ROBLEMS confront every electrical utility in main- 
| Peer existing connections in electric conductors, and 
in selecting from the many designs and materials available 
for new construction. Good mechanical characteristics of 
conductor joints and clamps can be assured by careful atten- 
tion to design, selection of materials, and workmanship. 
The attainment of good and lasting electrical characteris- 
tics is evidently more difficult because most failures have 
been attributed to poor electrical conductivity. On an 
industry-wide basis, this problem warrants extensive re- 
search. 

Aluminum as a conductor material now predominates in 
several countries, and finds increasing application in 
others. The special problems of aluminum-aluminum and 
aluminum-copper connections therefore require increasing 
attention to ensure lasting conductivity and freedom from 
galvanic corrosion. Predictions of long-term performance 
of such connections from the results of accelerated life tests 
are not convincing. A better basis is to be found in past 
experience, supplemented by long-term life tests under con- 
trolled, but not highly accelerated conditions. 

Three such long-term exposure tests* have been made on 
live-line tap clamps, U-bolt clamp connections between 
aluminum-cable steel-reinforced (ACSR) and copper cable, 
and various types of sleeve joints in ACSR. During the 
exposure periods of 5 to 7 years, the joints were subjected to 
a load cycle and, periodically, measurements of electrical 
resistance were made. Following the exposure, some speci- 
mens were examined for corrosion, and subjected to heat 
runs and short-circuit current tests. 

Live-line tap clamps of the screw type maintained much 
lower resistances than spring-type. This is attributed to the 
higher contact pressure of the screw-type clamps. Un- 
coated bronze clamps caused serious corrosion of ACSR 
strands. Coatings of zinc and tin on bronze clamps les- 
sened corrosion of the ACSR strands but did not appreci- 
ably affect resistance values. On completion of the 5-year 
exposure, almost all of the zinc coating had disappeared in 
the contact area, whereas the tin coating was intact. Pre- 
ferred materials for the contact surfaces of live-line tap 
clamps connected to aluminum cable are, then, aluminum 
and tinned bronze. Serious binding of threads in all- 
aluminum screw clamps was observed after exposure. 

In U-bolt clamps also, serious corrosion of ACSR strands 
occurred where they contacted clamp parts of copper but 
the relatively massive aluminum clamps suffered no serious 


Digest of paper 48-202, “Joints and Clamps for Aluminum Conductors,” recommended 
by the AIEE transmission and distribution committee and approved by the AIEE 
technical program committee for presentation at the AIEE Pacific general meeting, 
Spokane, Wash., August 24-27, 1948. Scheduled for publication AIEE TRANS- 
ACTIONS, volume 67, 1948. 


Gordon B. Tebo is engineer in charge, electrical research department, The Hydro- 
Electric Power Commission of Ontario, Toronto, Ontario, Canada. 


* The author wishes to acknowledge the guidance of The Hydro-Electric Power Com- 
mission of Ontario Research Committee on Joints which sponsored these investigations. 
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JOINT RESISTANCE — MICROHMS 

Figure 1. Distribution of joint resistances measured during line 


construction 


Consistently low resistance values are attributed to design of extruded tubing 

sleeve, adequate cleaning procedure, and proper compression. Sleeves for both 

477,000-circular-mil ACSR and 336,000-circular-mil ACSR are approxi- 

mately 25 inches long. Resistances of equivalent lengths of each conductor 
are 77 and 110 microhms, respectively 


damage due to contact with copper cable. Coatings of 
zinc or cadmium on copper clamps lessened galvanic cor- 
rosion, but during the 5-year exposure, electrical resistivity 
of such coated clamps increased to the point where serious 
burning of the ACSR strands occurred. 

Of the aluminum, copper, zinc, and cadmium separators 
tested between copper cable and ACSR, those of aluminum 
maintained the lowest resistances to the ACSR. Resist- 
ance of all separators to the copper cable remained low 
throughout the test. Coating the contact surfaces with a 
corrosion-inhibiting petroleum grease lessened corrosion, 
especially where dissimilar metals were in contact, but did 
not maintain appreciably lower resistances. For the clamps 
coated with zinc or cadmium, petroleum grease appeared to 
increase resistance values. 

Hydraulically compressed sleeve joints in ACSR were 
found to possess lower and more stable resistances than 
those pressed with light hand tools or twisted sleeve joints. 
The resistance of twisted sleeve joints was affected more 
than compression joints by variations in type of filler. 

The result of improved jointing techniques is illustrated 
in Figure 1 by an analysis of resistance values on some 250 
compression joints in ACSR measured during construction 
of high-voltage lines. Maximum joint resistance is less 
than half that of an equal length of conductor and, for each 
conductor size, the maximum deviation from average value 
is less than 15 per cent. The consistently low resistance 
values obtained in these field tests indicate, of course, good 
workmanship, but also provide assurance of long life when 
related to the results of exposure tests. 
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The ‘“‘Linascope”’ Fault Locator 
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HE INSPECTION of circuits by pulse reflection meth- 
ods is well known to communications engineers. In 
particular this technique has been used in inspecting high- 
frequency coaxial telephone and television lines. The 
‘‘Linascope” is an electronic instrument for locating 
faults on open-wire telephone and _ transmission lines. 
The unit generates repetitively a short duration pulse 
which is fed to the circuit under test. The pulse travels 
along the line at a speed nearly equal to that of light (186 
miles per millisecond). Echoes arise from faults, junctions, 
terminations, and other impedance irregularities, and re- 
turn to the Linascope terminals at the same speed. 

The transmitted pulse and returning echoes are displayed 
on a linear time base on a cathode ray tube. Thus, dis- 
tances along the cathode-ray tube sweep are directly propor- 
tional to distances along the line. Sweep speeds are pro- 
vided corresponding to line lengths of 50, 100, 200, and 300 
miles. Distances are measured accurately by means of a 
“strobe” or range-finder circuit. By means of the range 
finder potentiometer which is calibrated in miles, a dark 
spot on the cathode ray sweep is moved until it aligns with 
the fault echo. Distances readily are determined to 
within half a mile on the 100-mile scale. 

At an open-circuit fault the echo is of the same magni- 
tude and polarity as the incident wave. At a short-circuit 
fault the echo is again of the same magnitude but is re- 
versed in polarity. If the line is terminated in its charac- 
teristic impedance there is no reflection from the termina- 
tion. In general, if the pulse is incident upon an imped- 
ance greater than that through which it is passing, an echo 
arises of the same polarity. If the pulse is incident upon an 
impedance lower than that through which it is passing, then 
an echo of reversed polarity occurs. 

The Linascope has been used on open-wire telephone cir- 
cuits for the location of various fault conditions including 
open and short circuits and high resistance joints. Incipi- 
ent faults have been located before they caused an inter- 
ruption to telephone communication. 

Tests have been performed on high-voltage lines which 
were removed from service for the purpose. Artificial 
faults at distances as great as 300 miles have been detected 
on a 220-kv circuit. Transposition points give slight 
echoes and the limitation to the convenient use of the instru- 
ment is reached when the fault echo is of the same order of 
magnitude as the transposition echoes. Tests have shown 
this condition to arise for a phase-to-ground or phase-to- 
phase fault when the fault resistance rises to 10,000 ohms. 


EEE 


Digest of paper 48-207, ‘‘The ‘Linascope’-—An Echo-Ranging-Type Fault Locator for 
High-Voltage Lines,” recommended by the AIEE transmission and distribution 
committee and approved by the AIEE technical program committee for presentation at 
the AIEE Pacific general meeting, Spokane, Wash., August 24-27, 1948. Scheduled 
for publication in AIEE TRANSACTIONS, volume 67, 1948. 


J. R. Leslie and K. H. Kidd are both with the Hydro-Electric Power Commission of 
Ontario, Toronto, Ontario, Canada. 
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A unidirectional pulse was used in the early tests, but 
more recently a short-duration high-frequency wave burst 
has been utilized where connection to a transmission line 
(alive or out of service) through a tuned high-voltage cou- 
pling capacitor is desired. A wave-burst Linascope now has 
been installed at the Leaside transformer station of the 
Hydro-Electric Power Commission of Ontario. In its 


Figure 1. Linascope installed in the Leaside transformer station 
of the Hydro-Electric Power Commission of Ontario 


present form, it is suitable for locating sustained faults 
on any of the four 220-kv circuits entering the station. 

It is hoped that eventually it will be possible to adapt this 
unit to record transient faults. Preliminary tests per- 
formed on a live 110-kv line indicate that echoes from bus 
structures are visible. An automatic recording device has 
been developed for use with the unit. 

No tests have been made with the unit on distribution net- 
works as yet. Most distribution networks have so many 
interconnections that the echo pattern will be quite com- 
plicated. It probably would be proved necessary to have a 
chart of the circuit under normal conditions, with which 
the pattern under the faulted conditions can be compared. 
Even then, the possibility of several paths of the same length 
will have to be considered. It is doubtful, too, that these 
units can be made available in sufficient quantities within a 
power company, for use as a routine maintenance instru- 
ment on distribution circuits. 
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EDWIN G. OLDS 


HE INTEREST of elec- 


Increasing interest of electrical engineers in 


FORMAN S. ACTON 


the wide variety of topics. 


trical engineers in mathematics has stimulated conferences on the The second conference, 
mathematics has increased subject at recent AIEE meetings. Presentations held during the 1948 winter 
steadily ever since electrical made during the 1948 winter general meeting general meeting in  Pitts- 


engieering became a science. 
This interest is proper because 
mathematics has proved to 
be a forceful tool in the solu- 
tion of many engineering 
problems. 

In recognition of this in- 
terest and for the further pro- 
motion of the use of mathe- 
matics in electrical engineer- 
ing, the AIEE basic sciences 
committee established a sub- 
committee on mathematics which arranged for two con- 
ferences on applied mathematics. The first was held during 
the 1947 winter meeting and dealt with such varied topics as 
computing machines, probability, and hydrodynamics. 
The speakers included Doctor John Von Neumann of the In- 
stitute of Advanced Study, Princeton, N. J.; Doctor Garrett 
Birkhoff of Harvard University, Cambridge, Mass.; Doctor 
Mark Kac of Cornell University, Ithaca, N. Y.; and Charles 
Concordia of the General Electric Company, Schenectady, 


NEERING. 
reasons and methods 


x x 


Figure 1 (left). 


Distribution of y for a fixed value of one inde- 
pendent variable x 


Figure 2 (right). Distribution of y for different values of x 


N.Y. The topics were very ably presented and the interest 
of the audience was attested by the large number who 
attended and by the participation of the audience in the 
discussion. It was, however, apparent to the committee 
that the conference lacked unity of thought because of 
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in the department of mathematics of the Carnegie Institute of Technology, Pitts- 
burgh, Pa. 
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have led to the preparation of a 3-part series, 
which will be made available in pamphlet form 
following its completion in ELECTRICAL ENGI- 
In this first part of the series, 


data are outlined and the degree of confidence 

that may placed in data is discussed. 

quent parts of the series will discuss the method of 

Graeco-Latin squares and the dimensional ana- 
lysis of partial differential equations. 
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burgh, Pa., aimed at unity of 
thought. The general topic 
was ‘‘What the Engineer Can 
Do With His Data.” This 
topic was attacked from sev- 
eral points of view. Again 
the interest of the audience 
surpassed expectations. Bya 
unanimous vote, those in at- 
tendance voted to have the 
papers published for distribu- 
tion. Topics and authors were 


for fitting functions to 


Subse- 


“Fitting Functions to Engineering Data,” by Edwin G. Olds 
and Forman S. Acton of the Carnegie Institute of Technology. 


“Method of the Graeco-Latin Squares,” by H. Poritsky of the 
General Electric Company. 


‘‘Dimensional Analysis of Partial Differential Equations,’ by Garrett 
Birkhoff of Harvard University. 


It is the committee’s hope that the material presented in 
this series will be found useful. Indeed, no engineer can 
afford to be uninformed on the proper handling of experi- 
mental data. 


Section 4+ 


It is the authors’ object to examine the philosophy of fit- 
ting functions to engineering data: the assumptions usually 
made, the information preserved or lost, and—in broad 
outline only—the methods available. There are many 
articles which give the mechanics of fitting functions, but 
here a broader viewpoint will be taken in order to straighten 
out some existing misconceptions, reveal certain con- 
cealed implications, and point out where some current ef- 
forts are being wasted unnecessarily. Many topics must 
be slighted in order to keep this treatment brief. 

The engineering data being considered might be repre- 
sented by results of tests on a piece of equipment in which 
several independent variables were varied over their several 
values and some one dependent variable was measured and 
recorded. ‘The equipment tested might be a unique piece, 
say a transformer for a power system, the data forming a 
record of its performance for future use by the purchaser, or 
it might be some ‘‘typical” units of a mass produced item 
such as a line transformer, in which case the records would 
be used to show, in some sense, an “average performance.” 


* Prepared by Forman S, Acton. 
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Before any discussion of how to fit functions reasonably 
can be undertaken, it is necessary to consider why an 
engineer fits functions to his data. There are three basic 
reasons: 


1. To condense his data to an equation or graph for easy remember- 
ing and use for prediction. 
2. To allow interpolation between experimentally measured values. 


3. To smooth the data. 


Perhaps it should be remarked that an engineer rarely is in- 
terested in a concise record of past performance for its own 


Figure 3. Example 

of frequency dis- 

tributions for five 
values of x 


He wants that past record as a basis for predicting 
He may not assume safely that the future will 


sake. 
the future. 
be identical with the past, although this assumption fre- 
quently is implied in technical reports, but rather he must 
assume that the past will give an average performance about 
which, in the absence of further information, the future may 


be expected to oscillate. The use of fitted functions for 
condensation and interpolation are recognized universally, 
the third use needs amplification. Ifa function is fitted to 
data, and if it is a good fit, then a value estimated from the 
function may be, in some sense, a better value than an actual 
experimental reading taken at that point. This seems 
peculiar until one reflects that the experiment may not’ be 
very precise and that a single reading may be considerably 
in error, whereas a value predicted from a curve (function) 
has many experiments contributing to its accuracy. A 
fitted function, then, brings to bear some information from 
all the experimental measurements, a situation which in 
general is more accurate than is taking all the information 
from one experimental measurement. 

The fitting of functions, then, is motivated by the knowl- 
edge that all data are in error, be that error large or small, 
and by the desire to reduce that error, to get behind the 
smoke screen which that error throws up, back to the under- 
This is a noble motivation, but it is futile. 
There are many 


lying ‘‘reality.” 
Error plays a defense-in-depth game. 
sources of error, and no matter what precise physical laws 
one sets up, no equipment ever will obey them because some 
of this “error” is really part of the performance of the equip- 
ment, and is considered error by the engineer only because 
he cannot predict behavior with precision by classical 
mechanics. The several sources of error in the results of an 
experiment may be classified as 


1. Uncontrolled variables (random or systematic—if they are not 
controlled, they will wobble and introduce variations in the answers 
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which will be interpreted as error). These uncontrolled variables 
may vary within one piece of equipment or one set of experiments, 
or may occur between two so-called “‘similar pieces” of equipment. 


2. Accuracy of measurement. This may be caused by uncontrolled 
variables in the measuring equipment, or other causes—but they are 
listed as distinct from causes inherent in the equipment being tested. 
This error is the part of the smoke screen it is desired to strip away. 


3. Inadequacy of formulas used in fitting the data. 


4. Computational errors (usually negligible in fitting engineering 
functions). 


All these remarks are about past data, and the picture is 
rather complicated. When one considers, however, that 
these data are to be condensed and used as a prediction of 
future performance, still other complications are added. 
The uncontrolled variables might wander over a wider 
range in the future, or the present equipment may deterio- 
rate and hence present performance may not be “typical” — 
to mention only two of the many difficulties. This is, how- 
ever, an engineering, not a mathematical problem. The 
mathematician only may point out the necessity for the 
data collected to be typical; he may insist that the en- 
gineer face the fact that his experiments are shot full of 
error of several definite types; but it remains for the en- 
gineer to plan his experiments so as to avoid being trapped 
by these difficulties. If he pretends he has precision, he is 
in for trouble; if he admits the presence of error and treats 
it statistically, the results may almost be pleasant. 

In the previous paragraph, the word “‘typical’”’ has been 
bandied about in a loose sort of fashion which well might 
disturb an engineer (let alone a mathematician) who faced 
these problems. -Unfortunately, no precise way is known to 
nail down all the ideas which are implied by this term. 
Engineering judgment always will be required to decide 
just how “typical”? any piece of equipment which was made 
or tested today will be of equipment to be made or tested 
One device which will help in this 
If routine 


tomorrow, or next year. 
decision, however, is the familiar control chart. 
test data on pieces of equipment show that a state of control 
exists, then the engineer may be much more confident that 
his data are “‘typical’”’ for that group of experiments or type 
of equipment. 

In general there will be two questions to which answers 
are wanted: 


1. How good is the fit of this function to the data now available? 


2. How good a predictor is this function? 


Suppose repeated measurements are made of a depend- 
ent variable while the independent variables are held 
fixed. Because of some variables which are not or cannot 
be controlled (and for other reasons discussed previously) 
one will obtain a set of numbers, not all alike, which 
usually will be distributed about some central value and, 
with luck, these values will be approximately normal or 
Gaussian. In general, the better the experiment is planned 
and controlled, the more nearly normal the uncontrolled 
residual variation is apt to be. This is pleasant, since 
the normal distribution is one of the few frequency distribu- 
tions that statisticians really feel they understand—so an 
increase of experimental precision pays off in a still greater 
increase in information extractable from the data. This is, 
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however, a 2-edged sword; rough data frequently yield 
results for which satisfactory tests of significance are not 
available, because of the experimenter’s inability to assume 
normality. : 

If there is only one independent variable x, the distribu- 
tion of y for a fixed value of x may be indicated on a graph 
by a perspective sketch of the distribution, as in Figure 1. 
The width of this distribution may be relatively small, as in 
the measurement of the resistance of a coil of wire, or it 
may be large, as, say, the current being passed by an un- 
stable circuit. 

If y is a function of x, several readings usually may be 
taken at different values of x. The results are shown in 
Figure 2. This is not, however, the whole story. There is 
really a distribution in y for each value of x. If, say, five 
values of x had been chosen and 30 measurements of y at 
each of these five values had been made, then frequency dis- 
tributions could be constructed which might look like Figure 
3. This rather complete and expensive experiment could 
be summarized by three lines: the line through the centers 
of the distributions, and the two border lines which include 
some arbitrary percentage (95 per cent) of the observations 
at each point. 

All data are expensive, so one buys as few as pos- 
sible. All data are variable, hence as many as possible 
are needed. The economic balance to be struck here is 
frequently a nice one. The complete picture of Figure 3 is 
too expensive, but many of its advantages may be retained 
in a cheaper model if one is willing to make some assump- 
tions which are frequently reasonable. The common 
assumptions are 


1. That the distribution at any fixed value of x is normal. 


2. That the width (standard deviation) of this distribution is constant 
with x, that is, that only the mean of the distribution shifts with x. 


These assumptions are not the only tractable ones, nor are 
they always fulfilled, but if they are fulfilled, then it is pos- 
sible to reduce drastically the number of data needed to 
yield a useful function. Most least squares techniques cur- 
rently used by engineers and set forth in respectable statis- 
tical texts make these assumptions, whether or not they state 
them explicitly. These techniques, at least those in statis- 
tical texts, not only fit the best straight line (or parabola, or 
other previously specified function) to the data at hand, but 
they also give an estimate of the (constant) width of the band 
analogous to the one in Figure 3. This band usually is 
called an error band or interval, and can be interpreted as 
the region in which some arbitrary percentage of the experi- 
mental points have fallen. 

When an array of data is presented for condensation, the 
functional form may be specified by a theory, by previous 
experiment or experience, or it may not be specified at all. 
If the functional form is to be chosen from examination of 
the data, then it is usually easiest for most people to plot the 
data and look at the trend of the points. This is satisfactory 
if there is only one independent variable, x, but it gives 
trouble if there are two, and it becomes very difficult indeed 
if there are more than two. There just are not enough 
dimensions. The rest of this section will be limited to two 
independent variables, x, and x2, because perspective graphs 
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can be drawn to illustrate the remarks, although in practice 
one rarely would draw a perspective graph to solve any 
problem of function fitting. 

If the data are taken at intersections of a grid in the x1, x2 
plane, it is fortunate indeed, for then the data y versus x; 
may be plotted at the several levels of x2 and, correspond- 
ingly, y versus x, plotted at several values of x;. This is equiv- 
alent to slicing the 3-dimensional surface perpendicular to 
one axis, and seeing what the slices look like, edge on. Here 
the slices perpendicular to x; are parabolas while the slices 
perpendicular to x, are straight lines (Figure 4). Ifaplot 
of the data revealed this structure, then one would be 
tempted to fit a function of the form 


y=a(b—x) (x2—c)? 


as this has the required properties when one replaces either 
x, or x, by aconstant. It is not necessary, of course, to plot 
the 3-dimensional figure to get this information; merely 
plots of y versus x; and _y versus x2 will suffice. 

If the data were not taken by such a considerate experi- 
menter, however, the job becomes more difficult. It is 
sometimes possible to force the data into an artificial grid— 
plotting y versus x, for several points which almost have the 
same values of x,. As the object of the plotting is to get a 
rough idea of the shape of the surface as a cue to the type of 
functional form which might fit well, the plot can be rather 
rough and still serve its prognostic purpose. 

Once the functional form has been chosen, or if it was 
specified from other sources, there remains the problem of 
evaluating the constants. This may be done by multiple 
regression (least squares) techniques. Deming’s book 
“Statistical Adjustment of Data’? gives a rather complete 
treatment of this subject for the engineer, but it should not 
be approached as light reading—it is not. The regression 
technique can be employed blindly, without functional 
forms even when the data are not on a grid. This means 
merely evaluating the coefficients of a general power series 
in the independent variables. It is laborious, it is inefficient, 
but is sometimes almost necessary because the experimenter 
cut corners and the cuts are paid for here. In general it is 
not to be recommended! 

The regression computations are tedious, although a good 
electric desk calculator can reduce the labor considerably. 
These computations yield coefficients in algebraic equations 
which summarize the data, and also yield a measure of how 
well the function fits the data—the measure being a sort of 
average deviation of the actual data from the fitted surface. 
There is, however, another technique which is primarily 
graphical. ‘The computations are largely graphical, and 
the end result is a set of graphs which give the cross sections 
of the fitted surface. No functional form need be assumed 
(an advantage) and the labor is perhaps no worse than the 
other computational techniques, but no measure of final 
residual dispersion comes out of the graphs; it must be 
computed separately, afterwards. That measure is impor- 
tant; it always should be calculated and presented with the 
function, lest other people believe the fitted function to be 
better than it really is. This graphical technique is de- 
scribed in Ezekiel’s “Methods of Correlation Analysis.” 

One unfortunate habit seems to persist in many labora- 
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tories. Ifthe relation between a dependent variable and a 
series of n independent variables is to be investigated, there 
is a strong tendency to hold n—1 variables fixed at one set of 
values while varying the n’th. This process is repeated with 
each of the n variables and then the experiments are stopped. 
Each variable has been investigated—what more could be 
desired? If the variables are truly independent in their 
effects on the dependent variable then, of course, nothing 
more is necessary; but this is the exception rather than the 
rule. In the case of two independent variables, this proce- 
dure means the more or less accurate determination of two 
lines (see Figure 5), from which the rest of the functional 
surface is to be inferred. When put in this light, the fallacy 
of the procedure becomes apparent. For a complete pic- 
ture of the dependence of » on x; and x2, experimental values 
are needed over the entire grid in the x, x, plane where it is 
desired to know the functional form—not just along two 
lines. The extension of the arguments and requirements to 
n dimensions is both obvious and valid. The number of 


_ experiments goes up exponentially with the number of 


independent variables, an assertion which is economically 


' unpleasant, but unfortunately true. 


Section B * 


In the foregoing section of this article some of the reasons 
have been given why engineers want to fit functions to data 


- and the methods available have been indicated, together 


with their limitations. It was noted that there are two 
questions for which the engineer needs an answer: 


1. How good is the fit of the function to the data used for fitting? 
2. How good a predictor is this function? 


How precisely the first question can be answered depends, as 
noted, on the methods used for fitting and will not be dis- 
cussed further. The second question, however, deserves 
more consideration, and this section contains additional re- 
marks on prediction. (Unfortunately, perhaps, these re- 
marks include a few formulas and some technical jargon. 
However, the usefulness of the methods will more than com- 
pensate the reader for the unhappiness of ploughing through 
some unfamiliar ground.) 

As a first problem, suppose it is wanted to estimate the 
mean value M of a dependent variable y when all independ- 
ent variables known to affect » are held at some fixed 
values. In spite of efforts to the contrary, there usually will 
be some variation in y. Therefore the exact determination 
of the true mean value would require information regarding 
the relative frequency of occurrence of all possible values of 
y and is an unattainable goal except in theory. However, an 
estimate of the true mean may be obtained by taking n inde- 
pendent observations on » and averaging the results. In 
other words, )an= 2y/n provides an estimate of M.** From 
a second sample of n observations there usually would be 
obtained another value of »,,, and, therefore, another esti- 
mate of M; and so on, sample by sample. 

Suppose that for one particular sample of n values of y it is 


ee 


* Prepared by Edwin G. Olds. 


** Throughout this paper yavg is used to denote the arithmetic mean or average of a 
set of y-values while x mean is used to denote the arithmetic mean or average of a set 
of x-values. Obviously the subscripts are interchangeable. 
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found that y,,, is equal to some value Y. Then, on the basis 
of this one sample, 4 would be estimated to be Y. How 
good is this particular estimate? One never can be sure, 
but it should be known how to place a bet on it if the result 
is tobe used as a basis for action. The bet is not on the exact 
value of M but rather on what interval contains it. With 
M estimated to be Y one does not bet that M is Y but rather 
that M is between Y—dand Y+d. The bets may be 9 to 1, 
or 19 to 1, or 997 to 3 where the odds would signify, respec- 
tively, 90 per cent confidence, 95 per cent confidence, or 
99.73 per cent confidence. For a fair bet there must be a 
way of fixing the proper interval. Each time we make such 
a bet we win or lose, but we want to break even, on the 
average, in a long series of bets. 

The distribution of y is not known but commonly is 
assumed to be Gaussian. The Gaussian (normal) distribu- 
tion has two constants: M, the mean; and o, the standard 
deviation (a measure of spread). Even if y, itself, is not 
Gaussian, the theoretical distribution for y,,,, in repeated 
samples of size n, has the same mean M and a standard 
deviation ¢/+/n. Usually it is almost Gaussian. 

If.y,,. is assumed to have a normal distribution with mean 
M and standard deviation ¢/+/n, then 

oC 
u (arg M) / AY: 
has a normal distribution with mean, 0, and standard devia- 
tion, 1. If and care known (or assumed) then the proba- 
bility that y,,, will be greater than K (any arbitrary number) 
is equal to the probability that w will be greater than (K— 
M)/(¢/+/n), which usually is written 


K See) 
Co 


Prob. (Yan > K) = prob ( 


The value of this probability can be read from a table of the 
normal integral. For example, the probability of a value of 
Yaog exceeding the mean of all of the y,,,’s by more than 1.96 
times the standard deviation of y,,, is the same as the proba- 
bility of getting a u value greater than 1.96. From the table 
of the normal integral the latter probability (and, therefore, 
the former) is found to be 0.025. 

If the standard deviation for the theoretical distribution 
of y is known a 95 per cent confidence interval can be cal- 
culated for the unknown mean M by the following proce- 
dure: Calculate M;, so that if the true mean were M, 


Prob. (yan) > Y) =0.025 (see Figure 6) 
Also calculate Mz. so that if the true mean were M, 
Prob. (yang <_y) =0.025 


There are obtained 
pete 1.96 M Pst 
M = _ erires = rene er oS) 
1 Ve 2 WAS 


Then the interval, M, to Mz, is called the 95 per cent confi- 
dence interval for M@. In other words the betting odds are 
19:1 that the unknown mean M has a value between M, 
and M, as calculated here. For a shorter interval either the 
size of the sample must be increased or the odds decreased. 
A 90 per cent confidence interval, for example, is enclosed 
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by Y= Up.05(o/+/n) where Ub.o5 means prob. (u>Ub.05) = 
0.05. 

- When ¢ is not known it must be estimated from the 
sample. This estimate, denoted by s, is obtained from the 
formula 


4 ee 
7p (yi—Yag)” 
a ert 


f= 


n 
(It is interesting to note that minimizing Y(4-4)? 


4=1 

with respect to a gives @=Jgy and 2(y— Yan)? as the mini- 

mum sum.) If, in the formula, 

mes V 1(ya09—M ) 
o 


we replace u by t and a by s, the variable ¢ defined by the 
resulting formula 


re V1(ya09—™M) 
Ss 


no longer has a normal distribution like the wu distribution. 
It has fatter tails than the normal distribution so f0.025 > Uo-0255 
where prob. (> ¢o.025) =0.025. For example, corresponding 
to n—1=1, 2, 3, 4 we have to.025= 12.71, 4.30, 3.18, 2.78. As 
n tends to infinity to.o25 tends to wo.025(= 1.96). 

Since the distribution of ¢ is tabled, it can be used con- 


Figure4, Example 
of perspective 


graph 


veniently to aid in constructing confidence intervals for Mf 
in case g isnot known. For example, the 95 per cent confi- 
dence limits for M, on the basis of the evidence of a sample of 
size n, are 


Ss 
VY + to.025 ah = 
n 


The status quo is represented by Y=y,,,. 
maintained? 


How can it be 
If, for a particular process, the estimated 
level is satisfactory, one method of keeping stability is to use 
a Shewhart control chart. Take new sets of » values at 
intervals, plotting the mean and range for each sample and 
applying control limits as directed in the American Stand- 
ards Association manual on ‘‘Control Chart Method of 
Controlling Quality During Production.”’ Ifa state of con- 
trol seems to exist the whole lot of samples may be thrown 
together and the estimates of M and of o improved. 
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If M seems to be changing, or if it is desired to change it, 
we need theory to tell us what variables influence y. Sup- 
pose we assume that a linear relation of the form, 


M= at B(x—%mean) 


connects the mean value of y with x. Suppose, further, that 
we have recorded values of y for n values of x. For any par- 
ticular value of x, say x,, we want the true mean value of 
y, say M,. As before, we should like to find a confidence 
interval for MM, so that, for «=x, we could place a fair bet 
that M, was contained in the interval. 


Figure5. Ilustra- 
tion of limitation 
of functional graph 


Xo. 


X| 


Using the method of least squares (reference 1 contains a 
. . . > 
brief discussion of the method) we get 


Y=at+b(x—xmean) 


as the estimating formula. 
are found by minimizing 


yo1- 1" 


1=1 


The numerical values of a and } 


Representing this minimum value by S, we use the relation 


to calculate s,.,, an estimate for the standard deviation of y 
for any specified value of x (a measure of the spread of the y 
values away from the true regression line). 

To get a confidence interval for M4), the true mean of y 
when x=.x,, we use the following facts: 


1. The best estimate of M, is % =a+b(x1—Xmean) 
2. The best estimate of the variance of (%—™M)) is 
1 x 2 
Sal (x1 — mean) ) 
n  &(xi—Xmean)® 


(Variance is standard deviation squared.) 


3. [N—Mil+sy- Vee 
mn 2(%1—Xmean)® 
n—2 degrees of freedom (assuming normality of deviations of observed 


» values from the corresponding estimates, and the same variance of 
»y for each value of x). 


has the ¢ distribution with 


Using this information it follows that the 95 per cent 
confidence limits for M are 


1 x1— %, 2 
A-+b (x1 —Xmean)  to-02 -Sy-z 1 Gi~xmean)® 
n 2(%1-*mean)* 
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and that the confidence band is bounded by hyperbolas. 

A glance at Figure 7 may help to clarify the situation. 
The location of the true regression line 77’ is unknown, but 
with the aid of the data we estimate it to be the line SS’. 
For a particular value of x, say x1, we estimate Mj to be EF. 
Confidence limits for this estimate are EG and EH. The 
confidence band is narrowest at Xe, because we lose the 
second term under the radical in the formula for confidence 
limits. As we move away from %Xmeqn, in either direction, the 
band widens out. 

How much help does this give us in predicting a new 
individual value of y for one of the x values, say x,? The best 
estimate for y is 


Y, =a+b (x1 —Xmean) 
and 95 per cent confidence* limits for this estimate are 


then. Gis *mean)” Fi 


a+b ‘Xp x, +t B ~ Sa 
(41 —Xmean) + to-025 - Sy-z nm 2(x;—%mean)* 


We notice that, as x varies, these confidence limits de- 
scribe another hyperbola but that the deviations from the 


(Cant) 


M; Y 


Ma 
Figure 6. Illustration of method of setting confidence limits 


Y is the average value of y observed in a sample of size n. The left-hand 
curve represents the distribution of values of Yang when M=M, and the right- 
hand curve represents the distribution when M=Mz 


least squares’ line are much greater than for the previous 
case where we were concerned only with setting confidence 
limits for the mean. 

Confidence limits apply to average results in repeated 
experiments under controlled conditions, and so do esti- 
mates. If the experiment is performed a number of times, 
using the same set of values for x, then a is expected to have a 
stable approach to a, b to B, and pray t0 at+B(%1—Xmean)- 
As before, control chart techniques may be applied. Lack 
of control indicates the presence of “assignable”? causes of 
variability. We assumed that y was a linear function of x 
and of x only and that the variation of »; from M, was chance 
variation. Lack of control may indicate that_y, in fact, de- 
pends on other variables beside x and that our theory is in 
need of revision. 

In case y is assumed to be a linear function of several vari- 
ables we can use the method of least squares to obtain a pre- 
dicting formula of the form 


VY =aotaxitaox2+ ashe +anXn 


* Technically, these are fiducial limits, but the practical interpretation is substantially 
the same as for confidence limits. 
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The expected (or true mean) value of y corresponding to a 


Confidence band for estimates based on linear 
regression 


Figure 7. 


TT’ is the true regression line. M=a+B(x—Xmean) 

SS’ is the calculated regression line, Y=a+b(x—xmean) 

OA=Xmean3 OE=x (any other value of x); AB=Vzymean. AC and 

AD are the confidence limits for Mxmeans EF=%i; EJ=My, (unknown); 
EG and EH are the confidence limits for My 


specified set of x values can be estimated, and confidence 
limits for the estimated mean can be calculated. The 
necessary formulas, together with an excellent discussion of 
their origin, are given in reference 2. 

Suppose y is assumed to be a polynomial function of a 
single variable, with a predicting formula 


VY =botbbyxtbox?+...+byx” 


Then, as Cramér indicates, the method of solution for 
constants and confidence interval is no different from the 
previous case. We set x1=x, %2=x", ..., x, =x", and pro- 
ceed as before. 

Summarizing very briefly, we analyze data in order to 
get a sound basis for action on a dependent variable y. 
Either we want to control it or change it. After fitting the 
best theoretical functions to our data, we can estimate the 
true mean value of » for a sets of x’s and give a numerical 
measute to our confidence in this estimate. Control chart 
techniques can be used advantageously to improve esti- 
mates as more experimental data become available. 

A final remark—the idea of using confidence limits is not 
very new, but it is quite useful. Engineers seem to have 
been rather slow in taking advantage of it. There is no 
guarantee, however, that results will be comforting. On 
the contrary, the methods may show how shaky some predic- 


tions really are. 


REFERENCES 


1. Introduction to Mathematical Statistics (book), Hoel. John Wiley and Sons, 
New York, N. Y., 1947, chapter 5. 


2. Mathematical Methods of Statistics (book), Cramér. 
1946, chapter 37. 


Princeton University Press, 
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- Electrification of an Ore Haulage System 


R. J, CORBIELD 
MEMBER AIEE 


PPROXIMATELY 28 single track or 17.5 route miles 

of electrified railroad constructed for the specific pur- 

pose of hauling 30 million tons of relatively low grade 

copper-bearing ore between the open pit mine at Bingham 

Canyon, Utah, and the two copper concentrators located at 
Garfield, Utah, were placed in operation on May 1, 1948. 

This electric railway is an entirely new project and com- 
pletely replaces the original haulage system which lay to the 
west in a fairly rugged terrain. The old system had a rul- 
ing grade of 2.5 per cent and curves as sharp as 10 degrees. 
Its motive power was coal-burning Mallet-type locomotives 
weighing 350 tons and having a starting tractive effort of 
117,000 pounds simple and 98,000 pounds when com- 
pounded. These locomotives normally handled a train of 
46 cars at an average speed of 10 miles an hour up-grade. 
The new system is designed to handle 75-car trains at a 
speed of 25 miles per hour. 

The new railroad is on a 1.35 per cent grade and is laid 
with 131-pound rail on hardwood ties. Crushed smelter 
slag is used for ballast. A single 2-mile passing track is 
provided at the middle of the line and all train meets will 
be at this point. The latest type of centralized traffic con- 
trol is used to govern all train movements from one central 
point. All routing switches in yards and on the main line 
are electrically operated and provided with electric snow 
melters. 

Train radio ultimately will be used between the opera- 
tor’s control tower to various way stations and train crews. 
In addition, end-to-end communication between train 
crews will be provided. 

This railroad is operated at 3,000 volts, direct current. 
Conversion equipment consists of single-anode-type recti- 
fiers. A single substation, installed at the load center, sup- 
plies power. This substation contains two 3,000-kw 3,200- 
volt rectifiers together with necessary auxiliaries and fully 
automatic switchgear. 

The locomotives selected for this application are special 
in certain respects; they weigh 125 tons each, all weight on 
drivers, and two will be coupled together to make one road 
engine. The two cabs have a continuous rating of 6,200 
horsepower and a one-hour rating of 6,600 horsepower. 
They are geared to develop about 90,000 pounds tractive 
effort continuously at 26 miles per hour, resulting in a run- 
ning adhesion of 18 per cent. 

These locomotives (Figure 1) feature all-welded construc- 
tion. The trucks are exceptionally heavy, weighing 
approximately 40 tons each. The main deck plate is two 
inches thick and weighs approximately 20 tons. The cab 
the AIEE land transportation committee and approved by the AIEE technical program 
committee for presentation at the AIEE Pacific general meeting, Spokane, Wash., 
an oe 1948. Scheduled for publication in AIEE TRANSACTIONS, volume 


R. J. Corfield is electrical engineer, Kennecott Copper Corporation, Utah Copper 
Division, Garfield, Utah. 
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Figure 1. A single main line locomotive is made up of 
two 125-ton cabs 


Both locomotives are operated from a single cab 


structure and auxiliary equipment compartments are of 
welded sheet steel and the cab is completely insulated. All 
compartment doors housing high-voltage control equip- 
ment are master-keyed to prevent entrance of unauthorized 
personnel. All motors are equipped with antifriction bear- 
ings arranged for grease lubrication. 

Trailing load up-grade will consist of 75 ore gondolas and 
a caboose. Train weight will be 1,820 tons. Down-grade 
trains will weigh 8,570 tons. Speed is between 24 and 26 
miles per hour both ways. Full dynamic braking is pro- 
vided to reduce brake shoe wear and permit smooth han- 
dling of the heavy tonnage down grade. 

Locomotives are equipped with dual voltage control at 
3,000/750 volts because all mine tracks are electrified at 750 
volts. ‘The changeover is done manually from a single con- 
troller; however, electric interlocking is provided between 
the two voltages in order to protect the equipment against 
man failure. 

The 3,000-volt power is supplied to the locomotives 
through a compound catenary system supported by wood 
poles. The catenary is made up of a 1/2-inch copper- 
coated-steel main messenger, a number 4/0 copper auxiliary 
messenger, and a number 6/0 grooved trolley wire. This 
catenary system is fed from two 1,000,000-circular-mil bare 
feeders with alternate trolley taps every thousand feet. 

The purpose of this electrification is primarily economic 
and all types of modern motive power were investigated. 
All factors considered, straight electric operation proves to 
be the most economical application for this application. 
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_ wide variety of telemetering problems. 


A Universal Telemetering System 


EDA HARRIS 
ASSOCIATE AIEE 


T IS BELIEVED that there is a need of a general tele- 

metering method that can be applied to any one of a 
There is a need for 
some basic circuit or device that could be adapted readily 
to the metering of flow in a remote gas main, temperature in 
the cylinder wall of a remote aircraft, the current in a re- 
mote alternator, or the remote indication of any one of 
numerous measureable quantities of engineering interest. 
If the engineer merely had to adapt a basic telemetering de- 
vice through minor modifications, the design of a device or 
circuit for a new telemetering problem might be simplified 
considerably. ; 

The particular telemetering system under discussion here 
and shown in Figure 1 employs frequency as a translation 
medium; that is, the quantity to be metered at a distance is 
translated to an equivalent frequency at the sending end for 
transmission over pilot wires, carrier current, or conven- 
tional radio links. At the receiving end of the system the 
frequency is converted back to a direct current or voltage in 
proportion to the original quantity being metered remotely. 


- This translation for transmission is needed to avoid the effect 


of changing transmission characteristics on the indication at 
the receiving end of the system. These various functions 


o-c 
VOLTS 

TRANSMISSION Figure 1. Block 
VOLTAGE x sell FREQUENCY diagram showing 
FREQUENCY D-C VOLTAGE basic features of 


the universal tele- 
metering system— 
a d-c televoltmeter 


CONVERTER CONVERTER 


RECEIVER 


TRANSMITTER 


are performed by vacuum tube circuits which operate such 
that the accuracy of the indicator at the receiving end is 
essentially independent of drifting tube characteristics. A 
minimum number of moving parts are employed. In the 
telemetering of many of the common quantities, no moving 
parts are in the system except the voltmeter or ammeter 
used as the indicator at the receiving end. For example, an 
a-c teleammeter employs only vacuum tube circuits using 
simple conventional components at both the sending end 
and receiving end plus a simple d-c milliammeter as an indi- 
cator at the receiving end. 

The over-all accuracy of this telemetering system is good. 
A particular laboratory model of an a-c teleammeter had a 
maximum error of 0.5 per cent. 


Digest of paper 48-204, “A Universal Telemetering System,” recommended by the 
AIEE joint subcommittee on telemetering and approved by the AIEE technical pro- 
gram committee for presentation at the AIEE Pacific general meeting, Spokane, Wash., 
August 24-27, 1948. 

L. Dale Harris is professor, department of electrical engineering, University of Utah, 
Salt Lake City, Utah. 
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Harris—Universal Telemetering System 


For this system of telemetering to find application, either 
the quantity to be telemetered must be a direct voltage or 
there must be a way of converting the quantity to an 
equivalent direct voltage. Fortunately, many measurable 
quantities can be converted to their respective equivalent 
direct voltages. Some examples are alternating and direct 
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current, alternating voltage, resistance, power, flow, posi- 
tion, temperature, and pressure. However, special prob- 
lems arise relative to the telemetering of power. As far as 
the writer knows, there is no extremely simple circuit or 
device available that will accurately convert power to an 
equivalent direct voltage. Laboratory work indicates that 
electronic wattmeter circuits will not yield accuracies with- 
in one per cent where the voltage and power factor may 
change over rather wide ranges. Other devices that in- 
corporate the basic wattmeter or watt-hour meter move- 
ments might be used but at the loss of simplicity. 

In general the telemetering system will include a d-c 
televoltmeter, a complete telemetering system, plus a con- 
verter (Figure 2) at the sending end for converting the 
quantity to be metered remotely to a direct voltage. The 
d-c televoltmeter is basic to all applications of this universal 
system. Each new application merely requires that the 
quantity to be metered remotely must be converted to its 
equivalent direct voltage, then the addition of the basic d-c 
televoltmeter yields a complete telemetering system. 

The transmission circuit carries a low frequency signal 
that may be amplified, detected, become a part of a modu- 
lated high frequency signal, or otherwise manipulated in 
any of the conventional communication operations. Within 
wide limits, the output of the frequency-to-direct-voltage 
converter is practically independent of the magnitude of 
the received signal. For this reason there can be no impor- 
tant error introduced into the d-c indicator at the receiver 
end by the ordinary changes in the transmission circuit and 
its associate apparatus. 
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INSTITUTE ACTIVITIES 


Our Institute Membership 


When I tell my friends who are not engi- 
neers of our Institute, and of our 30,000 
corporate members and of our 14,000 
Student Members studying electrical engi- 
neering in the engineering schools of our 
land, and of our Sections throughout our 
land, and of our Student Branches in 127 
engineering schools, and of our technical 
committees of over 2,000 members, and of 
our membership reaching around the world, 
they marvel. They ordinarily think of us 
as associated with blue prints, and as men 
apart. 

But when I tell them of the contributions 
of the engineer and of the electrical engineer 
to provide for their every material thing they 
have, they there see in the contributions of 
the electrical engineer what they have from 
the electrical engineer and how they need 
it and use it in every minute of their daily 
lives. 

Then they recognize in the contributions 
of the electrical engineer that recognition 
which so many engineers feel is due them 
but which they do not have. And yet they 
will have it if they will but use the oppor- 
tunities they have for making it clear to the 


world just what has been done. This is an 
outstanding opportunity in Institute 
membership. 


I was asked at our Pacific general meeting 
in Spokane to address the Spokane Chamber 
of Commerce. I chose as my _ subject 
‘Spokane and the American Institute of 
Electrical Engineers.’’ After reviewing the 
wonderful progress in the Pacific-Northwest, 
of which Spokane is a center, I said, 


Now I want to speak of our American Institute of Elec- 
trical Engineers. In back of every project which I 
have brought to your attention which you have 
progressed in your Inland Empire stands the engineer. 
Nothing is produced that has not felt the hand and the 
head and the heart of the engineer. In back of all of 
your great dams and reclamation projects are the civil 
engineers. In all of your machinery in your factories, 
on your farms, or in your mines are the mechanical 
engineers. In all of your metallurgy are the mining 
engineers. In all of your factory chemical processes 
are the chemical engineers. And in all of your electric 
power and machinery everywhere, in all of your home 
and office electric appliances, in your lighting, in your 
telephone and telegraph and radio and television and 
movies, are the electrical engineers. Every material 
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—A Message From the President 


thing we have comes from the engineers, and in the 
electrical field, everything we have comes from the 
electrical engineers. And yet rarely is this mentioned. 


It is through the meetings of our In- 
stitute, and there were 2,500 of these last 
year, that if engineers would take the time 
to make clear to the public through the 
press and the forum the purpose of the 
technical discussion of the meeting to the 
people so they would understand, it would 
not be long before this phase of our Institute 
opportunity would be productive to bring 
to our electrical engineers the recognition 
beyond that which they now have which 
many of them feel is rightfully theirs. And 
it is within their opportunity to make it 
clear. Our Institute membership affords 
that opportunity. 

There is much more to say. Our coverage 
of membership is wide; our member dis- 
tribution is over many fields, approximately 
as follows: 


Per Cent 
EBlectricihightand powers < reat aarti ane 
Electrical manufacturing.,............. 22.5 
Industrial and transportation,............... 13 
Communica tion innit cide aeoh tess -eaickertal= ete me 
Government: 55 cares eis 5 6.0 0islp a eae eRe 
Consulting and large contracting............. | 
Professors and instructors....¢¢......ssasveee Sed 
Alliothers:, = setaseds sc ety coiesoo71 Ae haus Ger eT eae eS 
Dotal reir a Bap: eter ters kon aeka tees 100 
SPUGEMtS oereicusar sin crate a peltaie eionetesmaeete a aate TOU 


For every member we have it is our best 
estimate that there is another electrical 
engineer eligible for membership in our 
Institute whom we have not. This is a 
challenge to each member to look about him 
and interest in our Institute and invite to 
our meetings those of our associates in 
electrical engineering who by their attain- 
ments are eligible. Both we and they would 
be mutually advanced. Support your Sec- 
tion membership committees in this work; 
they have been most loyal in giving of their 
abilities to advancing our Institute member- 
ship. Help them all you can. 

Through the excellent work of our Section 
transfer committees, more and more of our 
members are advancing themselves appro- 


Institute Activities 


Everett S. Lee 


priately in member grade. As of August 
1, 1948 our status is: 

Associates.) 05.6.0 See ee ee 12,575 
Associates (more than 6 years) . . 7,892 
Miemberiig svi. inch We recta 8,318 
Bellows, .i.cisalss 1,108 
Flonorary. .. o.0s csc oe oe ae Een Tene neee 8 
WOtal, vis icivencie wsininvaie. vite lel eteiete cise) see nee Ea 


The opportunity for advancement in grade 
appropriate to his attainments in his elec- 
trical engineering life is one of the oppor- 
tunities of Institute membership in which 
each member should have great pride. 

We are the largest engineering society in 
the world. That should make us proud of 
our electrical engineering contributions. 
That should make us proud of our Institute. 
That should make us want to make it ever 
better and better. That should make each 
one of us want to work for it ever more 
and more. 
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Completion of Plans Announced 


for Midwest General Meeting 


Arrangements are being completed for the 
program of the Midwest general meeting to 
be held in Milwaukee, Wis., October 18-22, 
1948. Meeting headquarters will be in the 
Schroeder Hotel. The technical program is 
broad in scope embracing a number of ses- 
sions in each of three main groups of Institute 
technical activity, namely; communications 
and sciences, power, and industry. 

A delightful series of events, consisting of 
entertainment during the evenings, golf on 
Tuesday afternoon, inspection trips, and a 
special womens’ program, have been ar- 
ranged by the Midwest general meeting com- 


~ 


Schedule of Events 


Monday, October 18 


8:30 a.m, Registrations 
10:00 am. Opening General Meeting 
1:15 p.m. Trip to Port Washington power plant 
1:30 p.m. Trip to Harnischfeger Corporation 
2:00 p.m. Transformers 
Basic sciences 
Electric heating 
7:30 p.m. Trip to Blatz Brewing Company 


Trip to Pabst Brewing Company 
Trip to Joseph Schlitz Brewing Company 


Tuesday, October 19 


9:30 a.m. System engineering 
Conference on nuclear physics 
Mining 
Home receivers 
Symposium on circuit analysis 
Trip to Cutler-Hammer, Inc. 
12:30 p.m. Luncheon at Allis-Chalmers clubhouse 
1:15 p.m. Trip to Allis-Chalmers Manufacturing 
Company 
2:00 p.m. System engineering 
Conference on ore beneficiation 
Conference on television broadcasting 
Conference on industrial control 
6:30 p.m. Stag smoker 


Wednesday, October 20 


9:30 a.m. Insulated conductors 
Industrial control 
Conference on electric heating 
1:30 p.m. Trip to Globe-Union, Inc. 
Trip to Square D Company 
2:00 p.m. Power generation 
Regulators 
Industrial power systems 
Conference on electric heating 
6:30 p.m. Banquet and dance 


Thursday, October 21 


9:30 a.m. Insulator contamination 

Symposium on speed regulating systems for 
sectional paper machine drives 

Steel mills 

Railroad communications 

Carrier current 

Trip to A. O. Smith Corporation 

Trip to Allen-Bradley Company 

Transmission and distribution and outdoor 
substation design 

Conference on material handling 

Land transportation 

Milwaukee Gemeutlichkeit 


1:30 p.m. 
2:00 p.m, 


7:30 p.m. 


Friday, October 22 


9:30a.m, Switchgear 

Conference on automatic contouring for 
machine tools 

Switching systems 

Joint conference on education and Student 
Branches 

Trip to liquid-cooled alternator at Mil- 
waukee School of Engineering 

Relays 

Conference on automatic contouring for 
machine tools (continued) 

Radio on Great Lakes 


2:00 p.m. 


OctToBER 1948 


mittee. The complete account of these 
events as well as other features of interest in 
Milwaukee and vicinity, together with infor- 
mation pertaining to hotel reservations, was 
published in ELECTRICAL ENGINEERING 
for September, pages 911-13. Slight changes 
in these features are noted in the following. 


INSPECTION TRIPS 


* The inspection trip to the Line Material 
Company will not be made as the new testing 
laboratory has not been completed. In its 
place, a trip has been arranged to see the 
hydraulic model of the liquid-cooled genera- 
tor at the Milwaukee School of Engineering. 
Very large thermal gains may be effected by 
using a liquid instead of a gas as a cooling 
medium. The mechanical difficulties as- 
sociated with liquid cooling of a turbo- 
generator rotor have been overcome by 
C. J. Fechheimer. In the model, 55 gallons 
of water flow with the rotor running at 3,560 
rpm, which is sufficient for a 50,000-kva 
rotor with only 14 degrees Fahrenheit rise 
for the water. The model may be seen in 
operation at the Milwaukee School of Engi- 
neering, 1020 North Broadway. 


WOMEN’S PROGRAM 


The women’s program is complete except 
there will be a luncheon and style show at the 
Milwaukee Country Club on Wednesday, 
October 20, instead of a tour of art institutes 
and historic societies. On Thursday after- 
noon, October 21, a bridge luncheon will be 
held at the Milwaukee Athletic Club. 

Members and guests should register in 
advance by promptly filling in and matfling 
the advance registration card. To help de- 


AIEE PROCEEDINGS 


Order forms for current AIEE PRO- 
CEEDINGS have been published in ELEC- 
TRICAL ENGINEERING as listed below. 
Each section of AIEE PROCEEDINGS 
contains the full, formal text of a technical 
program paper, including discussion, if any, 
as it will appear in the annual volume of 
AIEE TRANSACTIONS. 

AIEE PROCEEDINGS are an interim 
membership service, issued in accordance 
with the revised publication policy that 
became effective January 1947 (EE, Dec ’46, 
pp 576-8; Jan’47, pp 82-3). They are avail- 
able to AIEE Student Members, Associates, 
Members, and Fellows only. 

All technical papers issued as AIEE 
PROCEEDINGS will appear in ELEC- 
TRICAL ENGINEERING in abbreviated 


form. 


Location of 
Order Forms 


Apr °48, p 49A 


Meetings Covered 
Winter general 


Great Lakes District 
North Eastern District 
Summer general 


/ Pacific general 
Oct 748, p 43A rics Eastern District 


— —————_—_—_—___ EEE 


Aug °48, p 45A 


Institute Activities 


fray part of the cost of the meeting, a regis- 
tration fee of $3 will be charged to members; 
nonmembers $5. No fee will be charged to 
Student members and the families of mem- 
bers. Those who have not already made a 
hotel reservation, should do so at once by 
writing directly to the hotel preferred as 
listed in ELECTRICAL ENGINEERING for 
September, page 913. 


MIDWEST GENERAL MEETING COMMITTEE 


Members of the Midwest general meeting 
committee making the arrangements are 
E. W. Seeger, chairman; E. U. Lassen, vice-chairman; 
E. F. Mekelburg, secretary; J. A. Potts, treasurer; L. C. 
Aicher; M. A. Baker; K. R. Brown; C. C. Crane; 
E. H. Davies; T. G. Glenn; F. C. Holtz; J. H. Kuhl- 
man; A.J. Krupy; R. Neighboubs; J. C. Strasbourger. 


The chairman of subcommittees are 


W. Richter, technical program; E. J. Limpel, inspection 
trips; B. F. Tellkamp, entertainment; W. O. Helwig, 
sports; E. M. Plettner, transportation; E. T. Sherwood, 
publicity; F. W. Bush, finanee; Mrs. E. L. McClure, 
Mrs. E. W. Seeger, ladies; R. Earle, registration and 
housing; G. Hutchinson, equipment; M. M. Iglehart, 
hotels; C. H. Krueger, registration. 


C. C. Wilson Dies; Was 
on AIEE Headquarters Staff 


Charles Cal- 
laway Wilson, 
able member 
of the AIEE 
administrative 
staff at Insti- 
tute headquar- 


ters in New 
York City, died 
August 125 


1948, at his 
homein Mount 
Vernon, N. Y. 
Up until his 
death, Wilson 
had been assis- 
tant to H. H. 
Henline, AIEE 
national secre- 
tary, a position he had held since joining the 
AIEE headquarters staff on September 15, 
1946. 

Acting for Secretary Henline, Mr. Wilson 
was active in correlating the work of the 
many technical committees and subcom- 
mittees. He contributed in a major way to 
the development and smooth functioning of 
the Institute’s technical activities program, 
and was instrumental in therecentreorganiza- 
tion of the entire AIEE committee structure. 
He was especially helpful in working with the 
various committees and their chairmen in 
the initiation of the new type of AIEE meet- 
ings which have become known as AIEE 
technical conferences. 

Aside from his committee liaison work, Mr. 
Wilson was also secretary of four AIEE com- 
mittees. These were: industry co-ordinat- 
ing, power co-ordinating, electric welding, 
and publications. 

Prior to joining the AIEE headquarters 
staff, Mr. Wilson was employed as electrical 
design engineer in charge of the engineering 
design section of the Ward Leonard Com- 
pany, Mount Vernon, N. Y., and during 
World War II, he aided that company in its 
development of electric motor control appara- 
tus for use by the United States Navy. (For 
complete biographical details, see page 1021). 


C. C. Wilson 
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Tentative Technical Program——__ 


Midwest General Meeting, Milwaukee, W1s., October 18-22, 1948 


Monday, October 18 


8:30am. Registration 
10:00 a.m. Opening Meeting 
2:00 p.m. Transformers 


48-289. Aging Characteristics of Dry-Type Trans- 
former Insulation at High Temperature. H. C. 
Stewart, L. C. Whitman, General Electric Company 


48-290. Measuring Transformer Winding Tempera- 
tures Continuously With the Transformer Carrying 
Load. A. M. Lockie, G. M. Stein, Westinghouse Electric 
Corporation 


48-291, Experience with Transformer Impulse 
Failure Detection Methods. L. C. Aicher, Jr., Allis- 
Chalmers Manufacturing Company 


48-292. Voltage Stresses in Distribution Transform- 
ers Due to Lightning Currents in Low-Voltage Cir- 
cuits. K. D. Beardsley, W. A. McMorris, H. C. Stewart, 
General Electric Company 


2:00 p.m. Basic Sciences 


48-274. Bridge Erosion in Electrical Contacts and 
Its Prevention. W.G. Pfann, Bell Telephone Labora- 
tories, Inc. 


48-275. The Magnetic Properties of Stainless Steels. 
W. A. Stein, Washington University 


48-276. Proximity Effect Factors for 3-Phase Coaxial 
Busses Comprised of Square Tubular Conductors. 
T. J. Higgins, University of Wisconsin 


48-277-ACO.** Stabilized Permanent Magnets. P. 
P. Cioffi, Bell Telephone Laboratories, Inc. 


2:00 p.m. 


48-286-ACO.** Ultrahigh-Frequency Antenna Con- 
siderations for Radiation Measurements. H. E. 
Dinger, G. E. Leavitt, Naval Research Laboratory 


48-287. Mercury-Arc Furnace Converter for In- 
duction Heating of Metals. S. R. Durand, J. B. Rice, 
Allis-Chalmers Manufacturing Company 


48-247. Industrial Electric Resistance Heating. 
L. P. Hynes, Hynes Electric Heating Company 


Electric Heating 


Tuesday, October 19 


9: 30 a.m. 


48-265-ACO.* Planning the Development of a Large 
All-Hydro System. M. Ward, H. A. Smith, Hydro- 
Electric Power Commission of Ontario 


48-266. Planning the Development of a Metro- 
politan Electric System. M. L. Waring, Consolidated 
Edison Company of New York, Inc. 


System Engineering 


48-267. Emergency Control of System Loads, J. 
M. Comly, J. E. McCormack, Consolidated Edison Com- 
pany of New York, Inc.; C. B. Kelley, T. W. Schroeder, 
The United Light and Railway Service Company; 
H. W. Phillips, Pennsylvania-New Jersey Interconnection 


9: 30a.m. 


CP.* Recent Developments in the Design of 
High-Energy Accelerators for Atomic Particles. J. 
T. Wilson, Allis-Chalmers Manufacturing Company 


Conference on Nuclear Physics 


9:30 a.m. 


48-269. Evolution of Ward-Leonard Control for 
Shovels and Draglines, P. S. Stevens, Bucyrus-Erie 
Company 


Mining 


*CP. Conference paper; no advance copies are 
available; not intended for publication in TRAWNS- 
ACTIONS. 


** ACO. Advance copies only available; not intended 
for publication in TRANSACTIONS, 
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—PAMPHLET reproductions of 
author’s manuscripts of the num- 
bered papers listed in the program 
may be obtained as noted in the 
following paragraphs. * 


—PRICES for papers, irrespective 
of length, are 30 cents to members 
(60 cents to nonmembers) whether 
ordered by mail or purchased at the 
meeting. Mail orders are advisable, 
particularly from out-of-town mem- 
bers, as an adequate supply of each 
paper at the meeting cannot be 
assured. Only numbered papers are 
available in pamphlet form. 


—COUPONS books in five-dollar de- 

nominations are available for those 

who may wish this convenient form 
of remittance. 


—THE PAPERS regularly approved 
by the technical program committee 
ultimately will be published in 
PROCEEDINGS and TRANSAC- 
TIONS; also, each is scheduled to 
be published in ELECTRICAL ENGI- 
NEERING in digest or other form. 


48-270. Electric Equipment for Power Shovels and 
Draglines. W.H. Schwedes, D. Stoetzel, General Electric 
Company 


CP.* The Use of Electricity in the Operations of 
the Calumet and Hecla Consolidated Copper Com- 
pany. J. E£. Breth, Calumet and Hecla Consolidated 
Copper Company 


CP.* Main Line Track Haulage in Mines. Phelan 
McShane, Westinghouse Electric Corporation 
9:30a.m. Home Receivers 

48-278. Television Receiving Systems. C. M. 
Stinnett, Radio Corporation of America 

48-272. FM Receiver Design Trends. G. G. Young, 


General Electric Company 


CP.* The Columbia Long Playing Microgroove 
Recording System. P. C. Goldmark, Columbia Broad- 
casting Studios 


CP.* Lightweight Pickup Design for Microgroove 
Records. B. P. Haines, Philco Corporation 


9:03a.m. Symposium on Circuit Analysis 
CP.* The History and Present State of the Opera- 
tional Calculus as Applied in Electric Circuit Analysis. 
T. J. Higgins, Wlinois Institute of Technology 


CP.* The History and Present State of the Applica- 
tion of Matrix Algebra in Electric Circuit Analysis, 
Mbyril Reed, University of Illinois 


CP.* Circuit Analysis in Servomechanism Theory, 
C. N. Weygandt, University of Pennsylvania 


2:00 p.m. 


48-268. Continuous Load-Frequency Control for 
Interconnected Power Systems. H. M. Dimond, G. 
S. Lunge, General Electric Company 


System Engineering 


CP.* Report on Questionnaire “Current Status of 
Load-Frequency Control.” 


CP.* Designing Boiler and Control Equipment for 
Fluctuating Loads. P. S. Dickey, Baley Meter Com- 
pany; P. R. Loughin, Babcock and Wilcox Company 


Institute Activities 


CP.* Effect of Fluctuating Load on Steam Turbines. 
R. L. Reynolds, Westinghouse Electric Corporation 


2:00 p.m. Conference on Ore Benefication 


CP.* Introductory Talk on Ore Beneficiation. 
Official of United States Steel Corporation 


CP.* Heavy Media Separation, American Cyana- 
mid Company 

CP.* Magnetic Separation. Ding Magnetic Com- 
pany 
48-313. 


Large Iron Ore Beneficiation Plant. 
General Electric Company 


2:00 p.m. 


48-273. Progress in Coaxial Telephone and Tele- 
vision Systems. L.G. Abraham, Bell Telephone Labora- 
tories, Inc. 


CP.* New York to Schenectady Television Relay. 
F. M. Deerhake, General Electric Company 


CP.* Stratovision Broadcasting. C. E. Nobles, 
Westinghouse Electric Corporation 


CP.* Fundamental Design Problems Regarding 
Television Transmitters. G. E. Hamilton, Allen B. 
DuMont Laboratories, Inc. 


Power Distribution and Utilization in a 
A. F. Gettleman, 


Television Broadcasting 


CP.* Recent Development in Semiconductors and 
the Transistor. J. A. Becker, Bell Telephone Labora- 
tories, Inc. 


2:00 p.m. Conference on Industrial Con- 


trol 


CP.* Thermal Overload Relays for the Protection 
of Motors Driving High Inertia Loads. R. E. Walters, 
Allen-Bradley Company 


CP.* An A-C Operated Magnetically Latched Con- 
tractor. L. H. Mathias, Allen-Bradley Company 


CP,* Inching Control for Large A-C Motors. R&. 
M. Peeples, W. J. Herzinger, Allis-Chalmers Manu- 
facturing Company 


CP.* The Application of Regulex to Improve Steady 
State Stability. J. F. Sellers, L. T. Rosenberg, T. B. 
Montgomery, Allis-Chalmers Manufacturing Company 


CP.* Automatic Power Factor Control on Synchro- 
nous Motors. T. H. Bloodworth, L. T. Rosenberg, Allis- 
Chalmers Manufacturing Company 


Wednesday, October 20 
9:30a.m. Insulated Conductors 


48-253. Polyethylene-Insulated Coaxial Cable for 
Carrier Current Control Circuit. H. B. Slade, The 
Okonite Company; F. P. West, Consolidated Edison 
Company of New York, Inc. 


48-249. Problems in the Measurement of A-C Re- 
sistance and Reactance of Large Conductors. EF. H. 
Salter, Electrical Testing Laboratories, Inc. 


48-254. A-C Resistance of Large Size Conductors 


in Steel Pipe or Conduit. R. J. Wiseman, The Okonite 
Company 


48-252. Reactance of Large Cables in Steel Pipe or 


Conduit. W. A. Del Mar, Phelps Dodge Copper 
Products Company 

9:30a.m. Industrial Control 

48-283. 


Application of Low Frequency to Industria) 
Control Problems. NV. L. Schmitz, Cutler-Hammer, Inc. 


48-284. Dynamic Lowering D-C Hoist Control, 
D. L. Pettit, Square D Company 


CP.* Some Machine Tool Electrical Control Applica- 
tions. Leonard Hesse, Gisholt Machine Company 


CP.* Safety in Machine Tool Control. D. K. Frost, 
Mattison Machine Works 


48-285. Wound Rotor Induction Motors for Syn- 


chronized Drives, EF. L. Schwartz-Kast, Armour Re- 
search Foundation 


ELECTRICAL ENGINEERING 


48-279. The Characteristics and Application of 
Precision, Snap-Acting Switches. A. L. Riche, First 
Industrial Corporation 


9:30a.m. Conference on Electric Heating 
CP.* Determination of Heat Requirements. Mark 
M. Greer, Edward L. Wiegand Company 


CP.* Application of Electric Heating Units for 
Surface Heating. C. R. Hanna, General Electric 
Company 


CP.* Electric Heating of Fluids. Lee P. Hynes, 
Hynes Electric Heating Company 


CP.* Application of Electric Heating Units for 
High-Velocity Air Heating for Processing Materials. 
R. J. Ruf, Young Brothers Company 


CP.* Review of Developments in Controlled Atmos- 
phere Electric Furnaces. C. E. Peck, Westinghouse 
Electric Corporation 


2:00 p.m. 


48-280. Speed Governing Design Considerations for 
Multivalve Condensing Steam Turbine-Generators. 
J. W. Barnett, General Electric Company 


48-281. Preliminary Consideration of System-Wide 
Load Division by Means of Accurate Time Control. 
T. E. Curtis, W. M. Pickslay, Pacific Gas and Electric 
‘Company 


48-282. Performance Characteristics of Speed 
Governors on Automatic Extraction Turbines Driving 
Electric Generators, L. B. Wales, General Electric 


Power Generation 


Company 
2:00 p.m. Regulators 
48-177. Feeder Voltage Accuracy Standards. W. 


E. Birchard, General Electric Company 


48-261-ACO.** Proposed Test Code for Feeder 
Voltage Regulators. Working group of ASA C57 test code 


subcommittee 


48-263. Feeder Voltage Regulator Application on 
Power Systems. J. NV. Gosinski, J. R.  Oberholtzer, 
Commonwealth and Southern Corporation 


48-264. Power System Voltage Control Without 
Feeder Voltage Regulators. N. N. Smeloff, Pennsyl- 
vania Power and Light Company 


2:00 p.m. 


48-293. Dummy Loads Applied to Large Industrial 
Welders to Reduce Voltage Fluctuations. A. W. 
Brown, S. W. Johnson, Illinois Northern Utilities Com- 
pany 

48-294-ACO.** Flexible Power System for Rapidly 
Expanded Heavy Manufacturing Plant. 5 AR 
Decker, General Motors Corporation 


2:00 p.m. 


CP.* The Resistance Furnace in the Nonferrous 
MetalIndustry. £. H. Scheick, American Smelting and 
Refining Company 

CP.* Radiant Heating. H. J. Garber, University of 
Tennessee 

CP.* Induction Heating. 
Heating Corporation 


CP.* Dielectric Heating. 
Wilson, Girdler Corporation 


Industrial Power Systems 


Conference on Electric Heating 


W. C. Rudd, Induction 


W. H. Hickok, T. L. 


CP.* Some Economic Aspects of Radio-Frequency 
Heating. L. M. Duryee, Connecticut Light and Power 
Company 


Thursday, October 21 
9:30 a.m. 


48-307. Flashovers of Suspension Insulators Due to 
Contamination. H. A. Adler, W. H. Wickham, Com- 
monwealth Edison Company; M. S. Oldacre, Utilities 
Research Commission 


48-308. Performance of Dust-Contaminated Insula- 


tors in Fog. Bradley Cozzens, T. M. Blakeslee, Water 
and Power Department, City of Los Angeles 


Insulator Contamination 


48-255. Insulator Surface Contamination. H. 4. 
Frey, Locke, Inc. 
48-259. Insulators to Withstand Air-borne Deposits. 


J. J. Taylor, Ohio Brass Company 


9:30a.m. Symposium on Speed Regulat- 
ing Systems for Sectional Paper 
Machine Drives 


48-295. Electronic Speed Regulators for Sectional 
Paper Machine Drive. V. B. Baker, J. F. Kovalsky, 
Westinghouse Electric Corporation 


CP.* The Differential Interlock Regulating System 
for Sectional Paper Machine. J. L. Van Nort, Re- 
liance Electric and Engineering Company 


CP.* The Electronic Amplidyne Regulating System 
for Sectional Paper Machine Drive. W. Mikelson, 
General Electric Company 


9:30a.m. Steel Mills 


CP.* History of Development of Blooming Mill 
Drives. G. E. Stoltz, Westinghouse Electric Corpora- 
tion 


48-271. The Reversing Cycle of Modern Blooming 


Mills. 7. B. Montgomery, J. F. Sellers, Allis-Chalmers 
Manufacturing Company 


CP.* Auxiliary Drives for Blooming and Slabbing 
Mills—Selection of Motor Size and Gear Ratio. R. 
E. Marrs, S. H. Williamson, General Electric Company 


9:30a.m. Railroad Communications 


CP.* Railroad Communication Systems of the New 
York Central. G, L. Miller, New York Central Rail- 
road 


48-315-ACO.** Railroad Radio. W. 
General Railway Signal Company 


D. Hailes, 


CP.* Radiotelephone Service for Passengers Utiliz- 
ing Bell System Highway Channels. Newton Monk, 
Bell Telephone Laboratories, Inc. 


9:30 a.m. 


48-262. Carrier Channels for Telemetering. T. 
D. Talmage, Tennessee Valley Authority 


Carrier Current 


48-296. System Operation Improved with Carrier 
Telemetering and Load Control. A. W. Walton, 
Oklahoma Gas and Electric Company; H. W. Lensner, 
Westinghouse Electric Corporation 


48-297. Characteristics of New Carrier-Current 
Equipment for Telemetering and Load Control. 
R. W. Beckwith, General Electric Company 


48-256. Coupling Capacitors and Traps for Rural 
Line Carrier, Carrier current committee 


48-257. Report on Method of Measurements at 
Carrier-Current Frequencies. Carrier current committee 


2:00 p.m. Transmission, Distribution, 
and Outdoor Substation De- 
sign 


48-319. Pole Fires Due to Insulator Contamination. 
W. H. Wickham, H. A. Adler, Commonwealth Edison 
Company; M.S. Oldacre, Utilities Research Commission 


48-285. Relative. Surface Voltage Gradients of 
Grouped Conductors. M. Temoshok, General Electric 
Company 


48-298. Channels for Operation of Supervisory 
Control Equipment. W. A. Derr, M. J. Brown, 
Westinghouse Electric Corporation 


48-299-ACO.** Design Considerations of Transmis- 
sion Substations. A. H. Powell, L. D. Madsen, General 
Electric Company 


Conference on Material Han- 


dling 


2:00 p.m. 


CP.* Electric Truck Control Systems. D. I. Bohn, 
T. O. English, Aluminum Company of America 


CP.* Magnetorque A-C Crane Control. F. M. 
Blum, F. W. Wendelburg, Harnischfeger Corporation 


2:00 p.m. 


48-300. Short-Time Ratings of Diesel-Electric Loco- 
motives. D. R. Campbell, T. J. Woods, Westinghouse 
Electric Corporation 

48-301. The Present Competitive Position of Coal, 
Residual Oil, Diesel Oil, and Electricity as Energy 
Sources for Motive Power Operation in the Pacific 
Northwest. 7. M. C. Martin, Bonneville Power Ad- 
ministration 

48-302. Head End Power on Railroad Passenger 
Trains. H. H. Hanft, Westinghouse Electric Corpora- 
tion 


Land Transportation 


48-303. Handling Suburban Traffic on Steam Rail- 
roads. M. L. Sloman, Westinghouse Electric Cor- 
poration 


Friday, October 22 
9:00 p.m. 


48-258. Simplified Calculation of Fault Currents. 
Working group, switchgear committee 


48-248. A New Outdoor Air Switch and a New 
Concept of Contact Performance. S. C. Killian, Delta- 
Star Electric Company 


48-304. High-Speed Reclosing of Power Circuit 
Breakers from a Manufacturer’s Point of View. H. 
B. Ashenden, Allis-Chalmers Manufacturing Company 


48-305. Large Indoor Power Air Blast Circuit 
Breakers. G. E. Jansson, Allis-Chalmers Manufactur- 
ing Company 


48-306-ACO. ** 


Switchgear 


Metalclad Switchgear with Air 


Blast Circuit Breakers. A. Ewy, Allis-Chalmers Manu- 
facturing Company 
9:30a.m. Conference on Automatic Con- 


touring for Machine Tools 
General paper: 
CP.* Fundamentals of Machine Tool Contouring 
Systems. J. M. Delfs, General Electric Company 
Individual papers by: 
J. J. Jaeger, Pratt and Whitney Company 
R. E. Schutte, Barber Colman Company 
W. O. Osborn, Westinghouse Electric Corporation 
R. D. McComb, General Electric Company 


9:30am. Switching Systems 


48-312. Relay Preference Lockout Circuits in Tele- 
phone Switching. A. E. Joel, Jr., Bell Telephone 
Laboratories, Inc. 

CP.* The 7-J Rotary Telephone Switching Ex- 
change. R. W. Engsberg, Federal Telephone and Radio 
Corporation : 

48-251. Military Teletypewriter Systems of World 
War II. F. J. Singer, Bell Telephone Laboratories, Inc. 
48-317. Push-Button Switching in Telegraph Sys- 
tems. R. F. Blanchard, W. B. Blanton, Western Union 
Telegraph Company 


9:30a.m. Joint Conference on Education 
and Student Branches 
CP.* Career Breadth in Engineering. 
LeClair, Commonwealth Edison Company 
CP.* Unsolved Problems in the Power Field. 4. 
C. Monteith, Westinghouse Electric Corporation 
CP.* Career Opportunities in the Utility Field. F. 
E. Sanford, Copper Wire Engineering Association 


CP.* Better Methods and Stimulation of Teaching in 
the Power Field. £. W. Boehne, Massachusetts In- 
stitute of Technology 


Te. Gs 


2:00 p.m. Relays 


48-309. Voltage Surges in Relay Control Circuits 
T. R. Halman, L. K. Harris, Detroit Edison Company 
48-310. Electronic Protective Relays. R. H. Mac- 
pherson, A. R. VanC. Warrington, A. J. McConnell, General 
Electric Company 

48-260. A New Distance Ground Relay. 
Goldsborough, Westinghouse Electric Corporation 


S. L. 


48-311. Instantaneous Bus-Differential Protection 
Using Bushing Current Transformers. H. T. Seeley, 
General Electric Company; Frank von Roeschlaub, 
Ebasco Services, Inc. 


2:00 p.m. Conference on Automatic Con- 
touring for Machine Tools 
(continued) 

Papers by: 


C. L. Galosi, Raytheon Manufacturing Company 

P. M. Sampatacos, Consultant 

A. H. Dall, Cincinnati Milling Machine Company 

F. Fritzch and C. M. Griffin, Lodge and Shipley Company 
Nagle Gusching, Monarch Machine Tool Company 


2:00 p.m. Radio on Great Lakes 


48-316-ACO.** The Great Lakes Radiotelephone 
System. R. H. Herrick, The Lorain County Radio 
Corporation 

CP.* The Organization and Administration of Wide- 
Area Servicing Activities. W. A. Goodell, Lorain 
County Radio Corporation 


CP.* Very-High-Frequency Radio on the Great 
Lakes. C. M. Jansky, Jr., Jansky and Bailey 


CP.* Three- and 10-Centimeter Commercial Marine 
Radar. E. C. Kluender, General Electric Company 
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AIEE Announces Changes 
in ELECTRICAL ENGINEERING Staff 


G. Ross Henninger, editor of ELECT RI- 
CAL ENGINEERING since January 1, 1933, 
has resigned from the AIEE headquarters 
staff to assume the title of editor and director 
of publications for the Illuminating Engi- 
neering Society, New York, N. Y., effective 
October 1, 1948 (for complete biographical 
details, see page 1014). Appointed as ELEC- 
TRICAL ENGINEERING?’s new editor to 
succeed Mr. Henninger is Charles S. Rich, 
who has been secretary of the AIEE technical 
program committee since 1930. Coinci- 
dental with these changes, W. R. MacDonald, 
Jr., associate editor, has resigned from the 
staff because of ill health. Biographical 
sketches of both Mr. Rich and Mr. Mac- 
Donald will appear in the November issue. 

Mr. Henninger was brought to the head- 
quarters staff in 1930 as associate editor of 
ELECTRICAL ENGINEERING to develop 
and put into effect the plans for an enlarged 
publication service which had been worked 
out by the publications committee. During 
the period from 1920 to 1930 the first efforts 
were made, as a result of exhaustive investi- 
gation by the publication committee, and in 
response to membership demands, to broaden 
the service to the reader by departing from 
the pre-1920 policy under which the monthly 
PROCEEDINGS, composed largely of ver- 
batim reports of meetings, and the 7RAWNS- 
ACTIONS served mainly as an outlet for 
technical material and as an archive. In 
1920, the monthly publication became the 
larger sized JOURNAL devoted principally 
to abstracts of technical papers, and in 1931, 
as a result of continued dissatisfaction among 
the membership, ELECTRICAL ENGI- 
NEERING evolved as a service periodical 
whose aim was to reflect the more significant 
technical developments in general and in- 
terpretive terms. 

Mr. Henninger assumed editorship of the 
magazine in 1933, at a time when the effects 
of the depression were being felt in the Insti- 
tute as elsewhere. In the period 1934-37, 
the available annual publication budget hit a 
low of about $65,000 as compared with $118,- 
000 in the early 1930’s. As an indication of 
the greatly increased service that ELECT RI- 
CAL ENGINEERING is bringing to the 
reader today, the publication budget for the 
appropriation year 1947-48 was $246,000. 
In addition, the total annual number of 
pages has grown from 898 in 1932 to 1,270 
for 1947, while ELECTRICAL ENGINEER- 
ING?’s circulation for July 1948 was 45,000 as 
compared with a figure of 17,500 for the 
month of January 1934. 

In an effort to reduce the total amount of 
material published, to meet 1934’s greatly 
curtailed budget, and yet avoid reduction in 
the amount of new material made available 
to the general membership, a ‘“‘unified pub- 
lication program’? was worked out in that 
year which eliminated as far as possible all 
‘frills’ and extra handling in order to 
achieve the lowest possible cost. To this 
end, all TRANSACTIONS papers, as well as 
various other ‘material, were included in the 
monthly, and at the end of the year accumu- 
lated total pages were bound as the annual 
TRANSACTIONS, the simplest system 
mechanically as well as the least expensive. 
The total quantity of material distributed to 
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the membership at large thus actually was 
increased rather than reduced. A feature of 
that period was that all technical papers were 
printed in advance of the meeting at which 
they were presented—the earliest publication 
with reference to presentation in the history 
of the Institute. 

Beginning in 1938, in order to increase the 
proportion of general interest articles pub- 
lished, ELECTRICAL ENGINEERING was 
divided into two sections: one devoted to 
TRANSACTIONS papers and the other to 
general interest articles and news. An 
ELECTRICAL ENGINEERING  Supple- 
ment”? was introduced which contained those 
TRANSACTIONS papers not appearing in 
the monthly, making them available at a 
nominal price to members not subscribing to 
the TRANSACTIONS volumes. 

The general features of this publication 
policy remained in effect until January 1947 
when the publication committee announced 


the present publication plan, approved by 
the AIEE board of directors, under which 
the TRANSACTIONS section has been 
eliminated from ELECTRICAL ENGI- 
NEERING and in its stead a new series of 
publications, under the revived name of AIEE 
PROCEEDINGS, was established. This 
latest publication plan, which currently 
governs AIEE publication policy, was dis- 
cussed in full in the December 1946 issue 
(pages 576-8). In essence it means that 


ELECTRICAL ENGINEERING, issued — 


monthly to all members, now contains articles 
of general interest; all AITEE technical ma- 
terial in complete, condensed, or abstract 
form, depending upon scope and general 
interest of subject matter; and news of 
interest to AIEE members. AIEE PRO- 
CEEDINGS, distributed on individual re- 
quest, contain full text of AIEE papers col- 
lated with their discussions. The AIEE 
TRANSACTIONS, issued following the end 
of each calendar year on advance order, con- 
tains in permanent bound form AIEE papers 
and discussions approved by the technical 
program committee and record material 
appropriately approved. 


Southern District Meeting to Feature 


Industrial Renaissance of the South 


A 3-day meeting of the Southern District 
will be held in Birmingham, Ala., November 
3-5, 1948. Meeting headquarters will be in 
the Tutwiler Hotel. The tentative technical 
program is comprised of three technical ses- 
sions with papers on electronics, power, elec- 
trical applications, and other subjects of 
interest relating to the general theme which 
should prove highly instructive. 


Institute Activities 


INSPECTION TRIPS 


Thursday and Friday afternoons will be 
devoted to inspection trips to local industries 
and other places of interest. Arrangements 
have been made for inspection of the tin plate 
mill and the hot strip mill of the Tennessee 
Coal, Iron, and Railroad Company on Thurs- 
day afternoon. This trip requires approxi- 
mately three hours and those interested 
should assemble not later than 1:30 p.m. 
On Friday arrangements have been made for 
a party to see the experiment in underground 
gasification of coal being conducted by the 
United States Bureau of Mines and the 
Alabama Power Company at Gorgas, Ala. 
This trip requires approximately six hours 
and those interested should assemble not later 
than 12:00 noon. 

On Thursday and Friday afternoons par- 
ties will be organized to visit the laboratories 
of the Southern Research Institute, the 110- 
kv oilostatic cable installation of the Bir- 
mingham Electric Company, and Radio 
Center atop Red Mountain, where ampli- 
tude modulation, frequency modulation, and 
television broadcasting equipment is in serv- 
ice or being installed. A charge of $1 will 
be made for each inspection trip. 


“Vulcan,” largest iron man in the world 
and second largest statue in America, 
stands 53 feet tall mounted on a 120-foot 
pedestal atop Red Mountain overlooking 
Birmingham, Ala., site of the Southern 
District meeting. It typifies natural re- 
sources of the district, the only place in 
the world where coal, iron, and limestone, 
the three essentials for making steel, are 
found together in one mountain 


ELECTRICAL ENGINEERING 


Tentative Technical Program 


Southern District Meeting, Birmingham, Ala., November 3-5, 1948 


Wednesday, November 3 
8 :30 a. m. 


10:00 a.m. Opening Session 
H. J. Scholz, presiding 


Address of Welcome: The Honorable Cooper Green, 
President of City Commission 


Registration 


Remarks: Conference General Chairman F. C. Weiss 
Remarks: Vice-President J. H. Berry 


Address: ‘Our Institute.” President Everett S. Lee 


2:00 p.m. Technical Session 


L. M. Smith, presiding 


DP.* Southern Bell Applies Electronics. J. D. 
Askew, Southern Bell Telephone and Telegraph Com- 
pany 

48-262. Carrier Channels for Telemetering. T. 
DeWitt Talmage, Tennessee Valley Authority 


DP.* A Load Control Installation in the South. T. 
H. Mawson, Commonwealth and Southern Corporation 


DP.* Installation, Operation, and Maintenance of 
2-Way Radio. Blair Jenkins, Jr., Caroline Power and 
Light Company 


DP.* A Linear Analysis of a Tuned Plate Oscillator. 
Craig Harris, University of Tennessee 


DP.* The Operational Amplifier. 
Gagliano, Tulane University 


5:30 p.m. Social Hour 


Nicholas J. 


7:00 p.m. Banquet (Women Invited) 
C. S. Thorn, presiding 


Address: ‘‘Industrial Research in the South.” Thomas 
W. Martin, President, Alabama Power Company 


Thursday, November 4 


9:00 a.m. Technical Session 


E. W. Robinson, presiding 


DP.* Sectional. Paper Machine Drives. V. B. 
Baker, E. H. Vedder, Westinghouse Electric Corporation 


*DP. District paper; no advance copies are available; 
not intended for publication in TRANSACTIONS. 


—PAMPHLET reproductions of 
author’s manuscripts of the num- 
bered papers listed in the program 
may be obtained as noted in the 
following paragraphs. 
—PRICES for papers, irrespective 
of length, are 30 cents to members 
(60 cents to nonmembers) whether 
ordered by mail or purchased at the 
meeting. Mail orders are advisable, 
particularly from out-of-town mem- 
bers, as an adequate supply of each 
paper at the meeting cannot be 
assured. Only numbered papers are 
available in pamphlet forms. 
—COUPON books in five-dollar de- 
nominations are available for those 
who may wish this convenient form 
of remittance. 
—THE PAPERS regularly approved 
by the technical program committee 
ultimately will be published in 
PROCEEDINGS and TRANSAC- 
TIONS; also, each is scheduled to 
be published in ELECTRICAL ENGI- 
NEERING in digest or other form. 


DP.* Unit Substations for Modern Power Distri- 
bution, D. E. Straley, General Electric Company 


DP.* Heavy Electric Equipment as Applied to the 
Tennessee Coal, Iron, and Railroad Company. W. 
W. Garrett, Jr., Tennessee Coal, Iron, and Railroad 
Company 

D.P.* Recent Developments in Power Transformers. 
Gordon W. Clothier, Allis-Chalmers Manufacturing Com- 
pany 

DP.* Modern Developments in High-Voltage 


Transmission Cable. R. P. Lapsley, The Okonite- 
Callender Cable Company 


DP.* Electric Mass Transportation. 
Georgia Power Company 


John Gerson, 


DP.* Electrostatic Air Cleaning in the Textile 
Industry. R. P. Posey, C. H. McWhirter, Westinghouse 
Electric Corporation 


1:30 p.m. 


Radio Center 


Inspection Trips 


Southern Research Institute 


Underground coal gasification experiment of the United 
States Bureau of Mines and the Alabama Power Com- 
pany 


7:00 p.m. Banquet] 


J. H. Berry, presiding 


Address: ‘The Southern College and Southern In- 
dustry.” Doctor John M. Gallalee, president, Uni- 
versity of Alabama 


Friday, November 5 


9:00 a.m. Technical Session 


William J. Miller, presiding 
DP.* Electrical Engineering for Atomic Energy. 
D. W. Cardwell, Oak Ridge National Laboratories 


48-318. Causes and Effects of Stray Electric Currents 
in Coal Mines. L. H. Harrison, United States Bureau 
of Mines 


DP.* Electricity Is an Integral Part of Agriculture. 
W. J. Ridout, Jr., Edison Electric Institute 


DP.* Potential Gradients Within and Around Sub- 
station Ground Fields. C. C. Jones, C. R. Jager, 
Alabama Power Company 


DP.* Electricity Serves the Construction Industry. 
D. B. Clayton, Knight Electric Company 


DP.* The Specialty End of the Electrical Manufac- 
turing Industry. Gordon Berry, Electric Products 
Company 


12 :00 m. 


Radio Center 


Inspection Trips 


Southern Research Institute 


Tennessee Coal, Iron, and Railroad Company hot strip 
and tin plate mills 110-kv oilostatic cable installation 
of Birmingham Electric Company 


110-kv Oilostatic cable installation of Birmingham 
Electric Company 
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ENTERTAINMENT 


On Wednesday evening at 5: 30 p.m. there 
will be a social hour followed at 7:00 p.m. 
by a banquet at the Tutwiler Hotel. The 
women are invited. 

On Thursday evening at 7: 00 p.m. there 
will be a banquet at the Tutwiler Hotel for 
men only (a separate meeting is scheduled at 
this same time for women visitors). There 
will be a charge of $5 per plate for each of 
these banquets. 

It would be of considerable help to the 
committees planning these entertainments if 
those planning to attend these two banquets 
would so indicate on their advance reserva- 
tion card. 


WOMEN’S ENTERTAINMENT 


A full program of entertainment will be 
provided for visting women. On Wednes- 
day there will be a sightseeing trip of the city 
with a luncheon at the Birmingham Country 
Club, and a social hour and banquet Wednes- 
day evening at the Tutwiler Hotel. 
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On Thursday there will be a luncheon at 
the Mountain Brook Club followed by bridge 
or golf for those women desiring to play, and a 
banquet at the Molton Hotel for women 
only at 7:00 p.m. 

On Friday morning arrangements have 
been made for inspecting the plant of the Brad- 
ford-Norton Millinery Company. Women 
also are invited to attend any of the 
inspection trips arranged for the men. A 
charge of $1 will be made for each luncheon 
and the Thursday evening banquet. This 
will cover any inspection trip or activity 
associated with the luncheon. 

It would be very helpful to the committee 
arranging for the women’s entertainment if 
advance reservation cards would indicate the 
number of women planning to attend. 


SPORTS 


For those who so desire, arrangements can 
be made for golf at several excellent courses, 
skeet or trap shooting at a sky-line course, 
tennis, or riding. 
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HOTEL RESERVATIONS 


Members of the Southern District who will 
attend the meeting should make reservations 
by filling in and mailing the advance registra- 
tion and hotel reservation card as soon as 
received. Arrangements have been made 
with the principal hotels in Birmingham for a 
sufficient number of rooms at regular com- 
mercial rates for the estimated attendance, 
but due to the unsual demand for accom- 
modations for week ends during the football 
season, it will be necessary to release any 
unused accommodations three days prior to 
the meeting. Unless specifically arranged 
otherwise, rooms must be vacated by 6:00 
p.m. on Friday, November 5. Special low- 
cost accommodations will be available for a 
limited number of students. Meeting head- 
quarters will be in the Tutwiler Hotel. All 
other hotels are within walking distance. 


ADVANCE REGISTRATION 


In order to save time and to assist the vari- 
ous committees in arranging for the accom- 
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Future AIEE Meetings 


Middle Eastern District Meeting 
Hotel Statler, Washington, D. C. 
October 5-7, 1948 

(Final date for submitting papers—closed) 


Midwest General Meeting 
Schroeder Hotel, Milwaukee, Wis. 
October 18-22, 1948 

(Final date for submitting papers—closed) 


Southern District Meeting 
Birmingham, Ala. 

November 3-5, 1948 

(Final date for submitting papers—elosed) 


AIEE/IRE Conference on Electronic In- 
strumentation in Medicine and Nucleonics 
Engineering Societies Building 

New York, N. Y. 

November 29—December 1, 1948 


AIEE Conference on the Textile Industry 
Atlanta, Ga. 
Fall, 1948 


' AIEE Conference on Electric Welding 
Engineering Society of Detroit Building 
Detroit, Mich. 

December 6-8, 1948 


AIEE Conference on High-Frequency 
Measurements 

National Bureau of Standards, 

Washington, D. C. 

January, 1949 


Winter General Meeting 

Pennsylvania Hotel, New York, N. Y. 
January 31—February 4, 1949 

(Final date for submitting papers—November 16) 


AIEE Conference on the Textile Industry 
Boston, Mass, 
Spring, 1949 


AIEE Conference on Electron Tubes 
March, 1949 


AIEE Conference on the Rubber and 
Plastics Industry 

Akron, Ohio 

March, 1949 


South West District Meeting 
Dallas, Tex. 
April 19-21, 1949 


Summer General Meeting 
New Ocean House, Swampscott, Mass. 
June 20-24, 1949 


Pacific General Meeting 
Fairmont Hotel, San Francisco, Calif. 
August 23-26, 1949 


-Midwest General Meeting 
Cincinnati, Ohio 
October 17-21, 1949 


AIEE Conference on Industrial Power 
Distribution 
Date to be announced 


modation and entertainment of those who 
attend, space has been provided on the 
registration and reservation card for per- 
tinent information, which will be sent to the 
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Laboratory scene at the Southern Research Institute which may be inspected by AIEE 
members attending the Southern District meeting in Birmingham, Ala. 


members in the Southern District. These 
cards should be filled out and mailed to the 
committee chairman, J. W. Graff, 600 North 
18th Street, Birmingham 3, Ala. Registra- 
tion fee will be $2 for members and $3 for 
nonmembers. Everyone attending or par- 
ticipating will be requested to register, but no 
charge will be made for students and families 
of Institute members. 


COMMITTEES 


The chairmen of the committees making 
arrangements for the meetings are as follows: 


F. C. Weiss, general chairman; E. W. Robinson, cochair- 
man; C.S. Thorn, finance; J. W. Graft, hotel and reserva- 
tion; L. M. Smith, technical papers and program; W. H. 
Hassinger, Jr., entertainment and sports; E. R. Coulbourn, 
attendance and publicity; A. G. Morton, transportation and 
inspection; W. J. Miller, Student activities; Mrs. T. H. 
Mawson, ladies’ program. 


Early Hotel Reservations 
Urged for Winter Meeting 


As announced on page 781 of the August 
issue of ELECT RICAL ENGINEERING, the 
1949 AIEE winter general meeting will be 
held in New York, N. Y., during the week of 
January 31 through February 4, 1949, 
Meeting headquarters will be at the Pennsy]- 
vania Hotel with all activities centered at 
that hotel, except for the smoker. 

The technical program probably will con- 
sist of 50 to 55 technical sessions and con- 
ferences, but this program will not be com- 
pleted until some time this Fall. An interest- 
ing series of inspection trips is being planned 
as closely correlated with the technical ses- 
sions as possible. Plans also are now under- 
way for both a smoker and a dinner-dance. 
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Particular attention is called to the fact that 
it has been necessary to reverse the nights on 
which these affairs have been staged in the 
past—the dinner-dance will be given at the 
Pennsylvania Hotel on Tuesday night, Febru- 
ary 1, 1949, and the smoker at the Commo- 
dore Hotel on Thursday night, February 3, 
1949. The prices of the tickets have not been 
settled as yet. An extensive program of 
entertainment for the women attending the 
meeting is under development. For the 
accommodation particularly of the members 
from out-of-town, blocks of theater tickets for 
popular shows will be available for sale in 
advance of the meeting. 


REGISTRATION FEES 

To defray the expenses incurred by the 
Institute in the holding of meetings, the 
board of directors has ruled that future meet- 
ings must be placed on a substantially self- 
supporting basis. In view of this action, 
registration fees will be in force for both mem- 
bers and nonmembers. These fees will be 
announced at a later date. 


HOTEL RESERVATIONS 

As it is believed those attending the 1949 
meeting from out-of-town will want rooms 
at the headquarters hotel, the winter general 
meeting committee has reserved a large num- 
ber ofrooms. The committee urges all those 
who will require rooms to make their reserva- 
tions at the earliest possible date by writing 
directly to the Pennsylvania Hotel, 7th 
Avenue and 33d Street, New York, N. Y., 
mentioning that the reservation is in connec- 
tion with the AIEE winter meeting during 
week beginning January 31, 1949. A copy 
of the letter also should be sent to Robert 
T. Oldfield, Public Service Commission, 233 
Broadway, New York 7, N. Y. This latter 
requirement is important as it will avoid 
confusion and insure a definite reservation of 
space required, 
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AIEE Forms Section 
at Richland, Wash. 


H. R. Hughes of the Hanford Engineer 
Works, Richland, Wash., was installed as the 
first chairman of the AIEE Richland Section, 
at the Section’s inaugural meeting on August 
23, 1948. The installation of officers shared 
the spotlight with a talk by AIEE President 
Everett S. Lee. 

Other new officers of the Richland Section 
are 


W. J. Dowis, vice-chairman; J. H. Hemperly, secretary- 
treasurer; F. E, Johnson, M. H. Arndt, F. J. Mollerus, 
and R. B. Crow, executive committee members. 


Committee chairmen are 


[. M. A. Garcia, membership; R. B. Crow, program; W. 
J. Dowis, educational; H. A. Carlberg, technical; R. C. 
Hoffman, publicity. 


Owen W. Hurd, chairman of the AIEE, 
Spokane Section formally installed the officers 
of the Richland Section. 

C. F. Terrell, retiring vice-president of 
District 9 (North West) introduced Mr. Lee 
who discussed the ‘‘Value of AIEE to Engi- 
neers and Engineering Friendships.” 


Mr. Lee declared: 


If all people understood the laws governing human 
relations as well as engineers and scientists understand 
natural laws, there would be no more war. Wherever 
[I have talked to scientific people, of whatever nation, 
they have deplored the world situation. 

Before the last war, a co-ordinated effort to establish 
uniform standards of electrical measurements was 
atopped because of Hitler’s aggressive plans. There 


Being installed as officers at the inaugural meeting of the new AIEE Richland (Wash. 
Section are (left to right) R. B. Crow, executive committee member; J. H. Hemperly. 


secretary-treasurer; 


H. R. Hughes, chairman; 


W. J. Dowis, vice-chairman; F. E., 


Johnson, executive committee member; and M. H. Arndt, executive committee member. 
Presiding at the installation is O. W. Hurd, chairman of the AIEE Spokane Section 


were tears in the eyes of the German scientists when 
they told us they couldn’t work with us any longer. 


Mr. Lee urged electrical engineers to tell 
the public about their profession and its 


Attending the luncheon meeting featured as part of the AIEE Richland (Wash.) in- 
augural program are (left to right, around table) Earl Peabody, chairman, committee 
on arrangements; C. F. Terrell, retiring vice-president, District 9; E. W. Seckendorff; 
H. A. Carlberg, chairman of Richland Section technical committee; J. H. Hemperly, 
secretary-treasurer, Richland Section; W. J. Dowis, vice-chairman Richland Section; 
Floyd Bay; Joe Robinson; R. B. Crow chairman, program committee and member of 
executive committee, Richland Section; Gray Clifton; L. B. Robinson; E. S. Lee, AIEE 
president; H. H. Henline, AIEE secretary; H. R. Hughes, chairman, Richland Section 
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achievements, to join chambers of commerce 

and other civic groups, to take an active 

interest in schools and community affairs. 
Engineers have been involved in the creation of every 


useful material thing. The people should be told the 
story of the engineers’ part in this creation. 


He said that the AIEE, with 30,000 mem- 
bers in the United States, is the nation’s 
largest engineering society. ‘There are about 
75 members in the Richland Section, which 
is the 83d chartered Section of the AIEE. 

The Richland Section now includes five 
counties in Washington and one in Oregon; 
namely: Umatilla County, Oreg.; and, 
Benton, Columbia, Franklin, Walla Walla, 
and Yakima Counties, Wash., which were 
orginally parts of the areas assigned to the 
Spokane and Portland Sections. 

Official guests were David Shaw, deputy 
manager for Hanford directed operations, 
Atomic Energy Commission; G. G. Lail, 
manager of the service divisions and assistant 
to the manager of the nucleonics department, 
General Electric Company; H. H. Henline, 
secretary of the AIEE; C. F. Terrell, retiring 
District vice-president, District 9, and vice- 
president of the Puget Sound Power and 
Light Company; M. M. Ewell, chairman of 
the Portland Section, and service engineer of 
the Westinghouse company’s Portland 
Branch; Owen W. Hurd, chairman of the 
Spokane Section, and manager of Benton 
County Public Utilities Department; and 
L. B. Robinson, representing the Seattle 
Section, and district transformer engineer for 
General Electric Company’s Seattle, Wash., 
branch, 

The dinner meeting at the Legion Hall, 
which was attended by the members and their 
wives, followed a luncheon for officers and 
guests of the AIEE at the Desert Inn, and a 
conducted tour of the constuction areas with 
entertainment in private homes for the 
women. The inaugural dinner meeting was 
attended by 168 guests and members. E. P. 
Peabody was chairman of the committee in 
charge of the arrangements for this meeting. 
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_—_—__—_—_——Introducing AIEE Section 


Some of the men who will preside over AIEE Sections during 1948-49; 


C. R. Reid H. J. Scholz C. M. Hart H. W. Claybaugh R. L. Boisen 
(Akron Section) (Alabama Section) (Arizona Section) (Arkansas Section) (Arrowhead Section) 


A. L. Howell F. B. Haeussler D. C. Krammes F. D. Troxel J. D. Leitch 
(Beaumont Section) (Boston Section) (Canton Section) (Chicago Section) (Cleveland Section) 


os 
C. W. Mayott W. R. Appleman C. L. Reed, Jr. C. J. Herman R. O. Loomis 
(Connecticut Section) (Dayton Section) (Erie Section) (Fort Wayne Section) (Georgia Section) 


H. C. Dillingham W. J- Johnson J. E. Murray Bradley Cozzens M. G. Northrop 
(Houston Section) (Illinois Valley Section) (Kansas City Section) (Los Angeles Section) (Louisville Section) 
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Chairmen for 1948-49 sae Z 


others will appear in the November issue 


R. G. Slauer L. F. Kehoe f R. L. McCoy M. R. Horne E. T. Sherwood 
(Lynn Section) (Madison Section) (Maryland Section) (Michigan Section) (Milwaukee Section) 


H. P. Bruncke O. F. Metz R. T. Oldfield J. E. Sowers C.G. Brennecke 
(Minnesota Section) (New Mexico—W. Texas Sec.) (New York Section) (Niagara Frontier Section) (North Carolina Section) 


J. M. Hagler R. F. McClure A. P. Godsho H. H. Wagner H. S. Hubbard 
(North Texas Section) (Panhandle Plains Section) (Philadelphia Section) (Pittsburgh Section) (Pittsfield Section) 


M. M. Ewell H. R. Hughes C. G. Plomasen R. W. Gaskins H. A. Cordes 
(Portland Section) (Richland Section) (Rochester Section) (St. Louis Section) (San Diego Section) 
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AIEE Officers to Be 
Nominated for 1949 Election 


For the nomination of officers to be voted 
upon in the spring of 1949, the AIEE nomi- 
nating committee will meet in New York, 
N. Y., in January 1949. The officers to be 
elected are: a president, a treasurer, three 
directors, and five vice-presidents, one from 
each of the even-numbered geographical 
Districts. Fellows only are eligible for the 
offices of president, and Members and 
Fellows for the offices of vice-president, direc- 
tor, and treasurer. 

To guide this committee in performing its 
constituted task, suggestions from the mem- 
bership are, of course, highly desirable. To 
be available for the consideration of the com- 
mittee, all such suggestions must be received 
by the secretary of the committee at Institute 
headquarters, not later than December 15, 
1948. 

In accordance with the provisions in the 
constitution and bylaws, quoted in the follow- 
ing paragraphs, actions relating to the 
organization of the nominating committee 
are now under way. 


Constitution 


28. There shall be constituted each year a Nominating 
Committee consisting of one representative of each geo- 
graphical District, elected by its executive committee, 
and other members chosen by and from the Board of 
Directors not exceeding in number the number of geo- 
graphical Districts; all to be selected when and as pro- 
vided in the bylaws. The secretary of the Institute 
shall be the secretary of the Nominating Committee, 
without voting power. 


29. The executive committee of each geographical 
District shall act as a nominating committee of the 
candidate for election as vice-president of that District, 
or for filling a vacancy in such office for an unexpired 
term, whenever a vacancy occurs. 


30. The nominating Committee shall receive such sug- 
gestions and proposals as any member or group of 
members may desire to offer, such suggestions being 
sent to the secretary of the committee. 

The Nominating Committee shall name on or before 
January 31 of each year, one or more candidates for 
president, treasurer, and the proper number of direc- 
tors, and shall include in its ticket such candidates for 
vice-presidents as have been named by the nominating 
committees of the respective geographical Districts, if 
received by the Nominating Committee when and as 
provided in the bylaws; otherwise the Nominating 
Committee shall nominate one or more candidates for 
vice-president(s) from the District(s) concerned. 


By laws 


Sec. 21. During September of each year, the secretary 
of the Nominating Committee shall notify the chairman 
of the executive committee of each geographical Dis- 
trict that by December 15 of that year the executive 
committee of each district must select a member of that 
District to serve as a member of the Nominating Com- 
mittee, and shall by December 15, notify the secretary 
of the Nominating Committee of the name of the mem- 
bers elected. ‘ 

During September of each year, the secretary of the 
Nominating Committee shall notify the chairman of the 
executive committee of each geographical District in 
which there is or will be during the year a vacancy in 
the office of vice-president, that by December fifteenth of 
that year a nomination for a vice-president from that 
District, made by the District executive committee, 
must be in the hands of the secretary of the Nominating 
Committee. 

Between October first and December fifteenth of each 
year, the Board of Directors shall choose five of its 
members to serve on the Nominating Committee and 
shall notify the secretary of that committee of the names 
so selected and shall also notify the five members selected. 

The secretary of the Nominating Committee shall give 
the fifteen members so selected not less than ten days’ 
notice of the first meeting of the committee, which shall 
be held not later than January thirty-first. At this 
meeting, the committee shall elect a chairman and 
shall proceed to make up a ticket of nominees for the 
offices to be filled at the next election. To insure that 
full consideration be given to all suggestions from the 
general membership, they must be in the hands of the 
secretary of the committee by December fifteenth. The 
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nominations as made by the Nominating Committee 
shall be published in the March issue of Electrical 
Engineering, or otherwise mailed to the Institute member- 
ship not later than the first week in March. 


INDEPENDENT NOMINATIONS 


Independent nominations may be made 
in accordance with provisions in article VI, 
section 31, of the constitution and section 23 
of the bylaws, which are quoted below: 


Constitution 


31. Independent nominations may be made by a 
petition of twenty-five (25) or more members sent to 
the secretary when and as provided in the bylaws; 
such petitions for the nomination of vice-presidents 
shall be signed only by members within the District 
concerned. 


By laws 


Sec. 22. Petitions proposing the names of candidates 
as independent nominations for the various offices to 
be filled at the ensuing election, in accordance with 
article VI, section 31 (constitution), must be received 
by the secretary of the Nominating Committee not later 
than March 25 of each year, to be placed before that 
committee for the inclusion in the ballot of such candi- 
dates as are eligible. 

On the ballot prepared by the Nominating Committee 
in accordance with article VI of the constitution and 
sent by the secretary to all qualified voters on or before 
April 15 of each year, the names of the candidates shall 
be grouped alphabetically under the name of the office 
for which each is a candidate. 


(Signed) H. H. Henline, 
Secretary 


AIEE Board of Directors 
Holds Regular Meeting 


A regular meeting of the AIEE board of 
directors was held at Institute headquarters, 
New York, August 5, 1948. 

The minutes of the meeting of the board of 
directors held June 24, 1948, were approved. 

Report was made of executive committee 
action on applications as of July 7, 1948, as 
follows: 12 applicants transferred to the 
grade of Fellow, 61 applicants transferred to 
the grade of Member. 

Recommendations adopted by the board 
of examiners at a meeting held July 15, 1948, 
were reported and approved. ‘The following 
actions were taken upon recommendation of 
the board of examiners: 23 applicants were 
transferred to the grade of Fellow; 1 Fellow 
was reinstated; 61 applicants were trans- 
ferred and 23 were elected to the grade of 
Member; 490 applicants were elected to the 
grade of Associate; 191 Student members 
were enrolled. 

Disbursements in July 1948 from general 
funds, amounting to $81,277.91, were re- 
ported and approved. 


NIAGARA FALLS SECTION 


Upon petition of members in the Niagara 
Falls Subsection of the Niagara Frontier 
Section and the Niagara Subsection of the 
Toronto Section for full Section status, the 
directors authorized the establishment of 
Niagara Falls Section, with territory consist- 
ing of Niagara County, N. Y., and Lincoln 
and Welland Counties, Ontario, Canada, and 
referred the question of District affiliation of 
the new Section to the Sections committee 
for recommendation as to whether it should 
be a part of the North Eastern District (1) or 
Canada District (10). 

Upon recommendation of the Sections 
committee, the directors authorized the usual 
allowance for travel expense of the chairman 
and the secretary of the Sections committee 
to the summer general meeting. 
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Dates of June 12-16 were approved for the 
1950 summer and Pacific general meeting to 
be held in Pasadena, Calif., with headquarters 
in the Huntington Hotel. 


REGISTRATION FEES 


Further consideration was given to the sub- 
ject of meeting registration fees, and the 
following action was taken, superseding ac- 
tion of the board of directors in April 1948: 


Voted that, beginning with the 1948 Midwest general 
meeting, registration fees shall be charged at Institute 
meetings as follows: 


District meetings: 
IMenmibers «.. Sha ctsias.s © staan. omunolerelelss= PislesaprsgieMe! 
Nonmembers......------ Ppear irq ShnAG tensed! 


Student memibérs and families of members......No fee 


General meetings: 


Menibets.2i2% 5.2. 0+ neo tele er tates eieeee 
Nonmember. .nec> sos 2 30 cere Hee agaGureoeeee 5 
Student members and families of members...... No fee 


The funds from both member and nonmember fees to 
be remitted to Institute headquarters. 


The directors approved a statement of 
administrative scope of the technical co- 
ordinating committees as recommended by 
the committee on planning and co-ordina- 
tion. 


APPOINTMENTS 


The Standards committee reported the 
appointment of the following Institute repre- 
sentatives: 


On AIEE delegation on sectional committee C50 “‘Rotat- 
ing Electric Machinery:” C. L. Killgore, S. H. Morten- 
sen, and V. E. Schlossberg, members of the delegation. 
and J. E. Clem, alternate. 


On divisions of the electrical Standards committee o! 
the American Standards Association: Division on 
power—W. P. Dobson, H. E. Farrer, and E. B. Paxton 
Division on communications and electronics—F. E 


Harrell, Reginald L. Jones, and J. J. Pilliod. 


As required by the bylaws of the commit- 
tee, the directors confirmed the appointment 
by the President of D. I. Cone, John B. Mac- 
Neill, and Philip Sporn as members of the 
Edison Medal committee for the 5-year term 
beginning August 1, 1948, and the appoint- 
ment of A. E. Knowlton as chairman of the 
committee for the administrative year 1948- 
49; and elected from its own membership as 
members of the committee for the 2-year 
term beginning August 1, 1948, R. T. Henry. 
M. D. Hooven, and Victor Siegfried. 

The directors approved the appointment 
by the president of J. W. Barker and Roger 
I. Wilkinson as members of the Charles 
LeGeyt Fortescue Fellowship committee for 
the term of three years, and of J. H. Berry, 
T. H. Morgan, and L. A. Umansky as mem- 
bers of the Lamme Medal committee for the 
3-year term beginning August 1, 1948. 

The standing representatives of the Insti- 
tute were appointed for the administrative 
year beginning August 1, 1948. 

The directors accepted an invitation to 
appoint two AIEE representatives on the 
Inter-Society Corrosion Committee of the 
National Association of Corrosion Engineers. 
This committee will carry on the useful func- 
tions of the American Co-ordinating Com- 
mittee on Corrosion, recently disbanded. 
L. J. Gorman and H. M. Trueblood were 
appointed, 

Local Honorary Secretaries of the Insti- 
tute were reappointed for the 2-year term 
beginning August 1, 1948, as follows: 


Australia—V. J. F. Brain 
Northern India—S. S. Kumar 
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Southern India—S. M. Zubair 
Transvaal—Francis E, Ingham 


The president was empowered to appoint 
an AIEE representative to attend a confer- 
ence, in London, October 4-8, 1948, of 
representatives from engineering societies of 
Western Europe and the United States of 
America. 

The president was empowered to appoint a 
committee of one or more to co-operate with 
the Institute of Radio Engineers in the prep- 
aration of a plan of operation of joint AIEE- 
IRE Student Branches. 

In the belief that the Institute has grown 
to the point where it is no longer reasonable 
to expect the president to visit Sections as 
heretofore, the board of directors adopted a 
resolution to this effect and suggesting visits 
by the vice-presidents in his place, the Sec- 
tions to be notified accordingly. 

It was decided to hold the next meeting of 
the board of directors in Milwaukee, on 
October 19, during the Midwest general meet- 
ing of the Institute. 

Other matters were discussed, reference to 
which may be published in this or future 
issues of ELECTRICAL ENGINEERING. 

Present at the meeting were 


President—Everett S. Lee, Schenectady, N. Y. 
Vice-Presidents—J. H. Berry, Norfolk, Va.; G. W. Bower, 
Haddonfield, N. J.; J. L. Callahan, New York, N. Y.; 
D. I. Cone, San Francisco, Calif.; I. M. Ellestad, 
Omaha, Nebr.; D. G. Geiger, Toronto, Ontario, 
Canada; G.N. Pingree, Dallas, Tex.; Victor Siegfried, 
Worcester, Mass.; I. A. Terry, Fort Wayne, Ind. 


Directors—W. L. Everitt, Urbana, Ill.; J. F. Fairman:, 


New York, N. Y.; C. W. Fick, Cleveland, Ohio; J. M- 
Flanigen, Atlanta, Ga.; R. T. Henry, Buffalo, N. Y.; 
M. D. Hooven, Newark, N. J.; F. O. McMillan, 
Corvallis, Oreg.; A. C. Monteith, East Pittsburgh, Pa.; 
J. R. North, Jackson, Mich.; Elgin B. Robertson, 
Dallas, Tex.; Walter C. Smith, Palo Alto, Calif.; E. 
P. Yerkes, Philadelphia, Pa. 

Treasurer—W. I. Slichter, New York, N. Y. 


Secretary—H. H. Henline, New York, N. Y- 


Co-ordinating Committee Scope 
Announced for Technical Group 


At its regular meeting in New York, N. Y., 
on August 5, 1948, the AIEE board of direc- 
tors approved the following statement of 
administrative scope for technical co-ordinat- 
ing committees which was prepared by M. J. 
Steinberg, chairman, technical activities sub- 
committee, and approved by the planning 
and co-ordinating committee on August 4, 
1948. 

The technical co-ordinating committee 
shall 


1. Serve as the agency of the technical committees 
within the co-ordinating group to co-ordinate the 
activities of such committees. 


2. Recommend to the president for appointment 
-chairmen and members of technical committees within 
the co-ordinating group. 


3. Recommend to the board of directors the formation 
-of new technical committees within its field of technical 
activity or the abandonment of committees no longer 
considered essential. 


4. Assign to one technical committee within the co- 
ordinating group administrative jurisdiction of joint 
-subcommittees, working or project committees jointly 
representing two or more technical committees within 
the group. 


5. Assign jurisdiction of technical subjects within the 
-scopes of the committees within the co-ordinating group 
and make changes of the appropriate technical com- 
mittee scopes as may be necessary to effect such juris- 
-diction. 

6. Recommend to the board of directors joint activities 
with technical committees of other societies. 
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7. Co-operate with other co-ordinating committees 
in arranging for joint participation in activities of mutual 
interest. : 


8. Assist the technical program committee in formulat- 
ing programs for general and District meetings. - 


9. Exercise administrative jurisdiction of technical 
conferences sponsored by technical committees within 
the co-ordinating group, and clear details of programs 


with technical program committee to avoid conflict 
with general and District meetings. 


10. Initiate, independently or at the request of the 
Standards committee, technical studies required for the 


preparation of Institute Standards and recommended 
practices. 


11. At the request of the Standards committee, assist 
in the preparation of Institute Standards and recom- 
mended practices. 


Pacific General Meeting Brings 


Engineering Achievements to Fore 


Spokane, Wash., was host to the Pacific 
general meeting held August 24-27, 1948, 
with headquarters in the Davenport Hotel. 
Papers were presented in seven technical 
sessions which were in keeping with the 
trend of the times toward larger and larger 
blocks of power as well as higher and higher 
transmission voltages and the contributions 
were particularly appropriate to the area of 
the Pacific Northwest. The general session 
was held following the opening of the meeting 
and there were two student sessions in which 
papers were presented by the students. On 
the social side, there was a president’s recep- 
tion, banquet, and a special program of 
events for the women. Important luncheon 
meetings with civic groups were held each 
day which afforded an opportunity to ac- 
quaint those in daily life with the achieve- 
ments of electrical engineers. A meeting 
of the District 9 (Northwest) executive com- 
mittee and a special meeting of District and 
Section officers of Districts 8 (Pacific) and 
9 were held on succeeding days. The golf 
tournament was played on Thursday after- 
noon and there were alternate inspection 
trips to the aluminum reduction plant at 
Mead or the aluminum rolling mill at Trent- 
wood. Friday was devoted to an all-day 
trip to the Grand Coulee Dam, power plant, 
and switchyard, with the option of an alter- 
nate trip to the Bunker Hill and Sullivan 
Mining and Concentrating Company at 
Kellogg, Idaho. Attendance at the meeting, 
including members, guests, and students 
numbered 375. 


OPENING MEETING AND GENERAL SESSION 


The meeting was opened on Tuesday 
morning by Richard McKay, vice-president 
of the North West District, who stated that 
the primary purpose of the occasion was the 
technical development of the art supple- 
mented by the trips and social functions. An 
interesting comparison of progress in the 
electrical industry of the Pacific Northwest 
was drawn between the time when Spokane 
was host to its first AIEE meeting in 1914 
and the present. At that time, in the 
Spokane area, there were only the Little 
Falls plant of 20,000 kw and one or two 
smaller generating stations. Power trans- 
mission was at 60,000 volts for a distance of 
100 miles without any interconnections as 
compared with the vast interconnection of 
today between ten major systems in the states 
of Washington, Idaho, Montana, Utah, and 
Oregon spanning a distance in excess of 
1,000 miles. The largest industrial loads 
were in the order of 1,000 kw principally for 
mining, whereas today there is the aluminum 
reduction plant at Mead of 235,000 kw. In 
1914, there were two telephone companies in 
Spokane giving satisfactory service, but trans- 
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continental telephone service and atomic 
energy were unknown. In conclusion, Mr. 
McKay on behalf of the Mayor of Spokane 
extended a welcome to members and guests 
and asked that they make their wishes known 
to the committee. C. F. Terrell responded 
briefly commenting on the splendid program 
of timely subject matter and the size of the 
Hanford Works which was visited preceding 
the installation of the new Richland Section. 


“OUR INSTITUTE” 


The meeting was addressed by President 
Lee whose subject was “Our Institute” 
(EE, Sep ?48, p 777). Among the topics dis- 
cussed, the importance of engineering friend- 
ships was stressed, membership growth was 
considered, and the desire for professional 
recognition particularly among the younger 
engineers was emphasized. 

In regard to friendships President Lee 
spoke from personal experiences referring to 
the opportunities for friendship within the 
Institute. He attributed his growth in the 
profession in no small measure to engineer- 
ing friendships. Friendships at home and in 
the community are a large contributing fac- 
tor in daily living. ; 

With respect to the growth in membership, 
President Lee explained that the member- 
ship at present was approximately 30,000 
with 9,985 enrolled students. As the student 
enrollment of last April was about 13,000 he 
predicted that the number of enrolled 
students would be 15,000 when the colleges 
get in full swing. ‘‘We are now the largest 
engineering society in the world.” What is 
our potential? In general terms there are 
about 60,000 electrical engineers in the 
United States so that for every member there 
is a nonmember. Officers and representa- 
tives of the Sections present were asked to 
take that back with them to the chairmen of 
their membership committees. 

In conclusion, President Lee stated that 
not enough attention had been given to 
engineers and in particular the young 
engineers. In general, in the future, en- 
gineers will have to give some of their time to 
bring engineering achievements to the atten- 
tion of other people. He was happy that the 
program committee had arranged for the 
opportunities to talk to the various civic 
groups and explained that he would address 
the Spokane Chamber of Commerce luncheon 
on ‘‘What We Have Done Together.” 


LONG-RANGE PLANNING FOR POWER SUPPLY 


An address, ““Long-Range Planning for 
Power Supply,” was given by F. O. Mc- 
Millan, AIEE director and dean of engi- 
neering, Oregon State College. A compre- 
hensive study of the many factors involved; 
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population growth, trends in the electrifica- 
tion of industry, residential and rural elec- 
trification, installed generating capacity, 
electric energy generated, sources of energy 
for power generation, the energy reserves for 
future development, and the utility physical 
plant were taken into consideration with some 
of the trends shown by slides of curves. The 
trend in transmission voltages and the impor- 
tance of the distribution plant were analyzed 
in relation to the rapidly depleting copper 
supplies and the economics of these problems. 
The analysis lead to conclusions as follows: 


1. National changes in population probably will be 
of the order of ten per cent or less per decade. 


2. Regional changes in population are large in some 
areas amounting to more than 40 per cent in eight 
years. 


3. Power used per industrial worker is growing rapidly 
and may reach ten horsepower by 1960. 


4. Residential and rural use of energy is growing rapidly 
with no end of saturation because the use in some areas 
is two or more times the national average. 


5. Load growth indicates that the 1947 generating 
capacity may have to be doubled in 1960. 


6. The percentages of fuel and hydro have remained 
quite constant over the years and are now 70 per cent 
fuel and 30 per cent hydro. 


7. The electric energy generated is increasing in a 
very rapid rate having more than doubled in a decade 
from 1937-47. 


8. The only sources of energy now available are water 
power, coal, crude oil, natural gases. 


9. Improvements in the thermal efficiencies of boilers 
and turbines since 1920 have had a marked effect on the 
total energy requirements. 


10. The feasible hydroelectric reserve in the United 
States probably will be developed completely in the 
next 30 to 40 years. The Pacific Northwest reserve may 
be developed in as short a period as 20 years. 


11. Coal will continue to be the most important single 
resource for the future development of power until 
atomic energy or some other source of energy not now 
used is developed. 


12. The United States has one-half he coal reserves of 
the world, These reserves are su- cient to last 3,100 
years at the maximum annual use attained to date. 


13. The gassification of coal in place gives promise of 
eliminating mining losses and effecting a material 
reduction in the cost of extracting the energy from coal 
without removing it from the natural beds. 


14. Transmission voltages probably will go to higher 
values but we appear to be reaching the point of 
diminishing returns from an economic standpoint. 


15. A distribution plant needs more engineering and 
new ideas to reduce investment and improve efficiency. 


16. The national copper supply is approaching de- 
pletion. The known copper reserves are of low grade 
ore and high prices or subsidies have been necessary to 
stimulate production. The rate of consumption in 
1948 indicates that the annual copper deficit will be of 
the order of 500,000 tons. 


SPOKANE CHAMBER OF COMMERCE 
LUNCHEON MEETING 


Members and guests were invited to a 
luncheon meeting of the Spokane Chamber of 
Commerce held on Tuesday which was 
addressed by Everett S. Lee, president, 
AIEE, on the subject of, ‘What We Have 
Done Together.” Although President Lee 
had had a background of the Pacific North- 
west from personal experience early in his 
engineering career, he obtained from one of 
his electrical engineer friends the 1948 ‘‘Prog- 
ress Edition of the Spokesman-Review,” 
(parts 1 to 8 with parts 6 and 7 missing). 
He reviewed the growth of the inland empire 
industrial development, the practical poten- 
tial of electric power in the area, references 
to the Columbia Basin, mining and agricul- 
ture, lumber and construction, as well as 
references to Richland, the atomic energy 
city, but nowhere did he find reference to the 


1008 


name of the Spokane Chamber of Commerce 
or the AIEE, nor of engineers at all except a 
brief reference to army engineers and a plant 
engineering group. President Lee knew 
from his own membership in the Schenec- 
tady Chamber of Commerce that this or- 
ganization was at the back of all these 
achievements. He pointed out that in back 
of every project was the engineer. In back 
of all of the great dams and reclamation proj- 
ects are the civil engineers; in the machinery, 
on the farms, in the factories, and in the 
mines, are the mechanical engineers; and in 
all of the metallurgy are the mining engi- 
neers, and in chemical process, the chemical 
engineers. He further cited that in all of 
the electric power and electric machinery 
everywhere; home and office, electric appli- 
ances, the telephone, telegraph, and radio, 
that everything we have comes from the 
electrical engineers and yet rarely is this 
mentioned. 

In conclusion, he said that the electrical 
engineer was indebted to the businessmen of 
the Chambers of Commerce to progress the 
commerce and industry of the land, and in 
turn, the businessmen owed their all to the 
scientists and engineers who had made all of 
these achievements possible and particularly 
to the electrical engineer who has made 
them possible in the electrical field. He 
urged that each group recognize the other 
and the part played together in the ac- 
complishments of the inland empire and in 
the whole country and say, “‘see, this we have 
done together.” 

Raymond P. Kelley, past president of the 
Spokane Chamber of Commerce, presided. 


STUDENT ACTIVITIES 


Student sessions were held on Wednesday 
evening and Thursday morning in which 
Papers were presented by the students. 
President Lee talked to the students in the 
Thursday session and spoke from personal 
experiences. As a practical demonstration 
of professional recognition, he referred to a 
sensational play in a baseball game between 
Cincinnati and the Chicago Cubs during a 
during a meeting of the American Society 
for Engineering Education which was held in 
Cincinnati several years ago. Professional 
recognition was a part of the business under 
consideration at that meeting and President 
Lee found it difficult to interest his associates 
in the ball game, but he attended with two 
or three of them. During the game, with 
bases full, a fielder on the visiting team made 
a sensational catch. After a pause, the 
people in the Cincinnati stands all arose and 
applauded. That constitutes professional 
recognition. Next day after the story was 
heard, there was no difficulty in getting 
others to go to the ball game. 

In conclusion, President Lee trusted that 
the counselors would have excellent co-opera- 
tion during the year and that great good 
would come from having someone to come 
and talk to the students at their meetings. 
He suggested that the counselors refer their 
problems to H. N. Muller, chairman of the 
committee on Student Branches, who would 
be glad to be of assistance. 


WEDNESDAY EVENING 


With Norman Dam, Washington State 
College Student Branch chairman presiding, 
the following papers were presented: 


“An Experimental and Mathematical Investigation of 
the Cycle Counter Discriminator,” C. N. Winningstad, 
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University of California (Branch prize paper)—pre- 
sented by C. B. Ames, incoming Branch chairman 
“Some Problems Involved in the Design of a Low- 
Range Ohmmeter,” J. N. Harris, California Institute of 
Technology (prize Student paper, Los Angeles Sec- 
tion)—presented by Clem Savant, incoming Branch 
chairman 


“Resonant-Circuit Switching of Shunt Capacitors,” 
Melvin H. Judkis, Oregon State College—presented by 
Dick Swartz, incoming Branch chairman 


“Magnetic Recorders,”’ R. L. Bentley and J. R. Ehlert 
University of Utah—presented by Max D. Odekirk,. 
incoming Branch secretary 


“Drying Wood by Radiant Heat,” James Barber, Uni- 
versity of Idaho—presented by Jack Peterson, incoming: 
Branch chairman 


THURSDAY MORNING 


Jack A. Peterson, University of Idaho, 
Student Branch chairman, presided at this 
session which included the following pres- 
entations: 


Address by Everett S. Lee, president AIEE 


“A Distributed Power Amplifier,” A. P. Copson, Oregom 
State College 


“An Electronic Pressure-Volume Indicator,” William J. 
Schneider and R. C. Malneritch, University of Santa 
Clara—presentation by Carl A. Schneider 


“A Simple Method for Measuring the Lonosphere,” 
James Chester, University of Nevada 


“A Critique of Engineering Education,” Charles L. 
Golden, University of California 


MEETING OF DISTRICT AND SECTION 
OFFICERS 


Officers of Districts 8 (Pacific) and 9 
(Northwest) and of the Sections in the two 
Districts held an informal meeting on Thurs- 
day morning, with President Lee and Secre- 
tary Henline present. Vice-President D. I. 
Cone of the Pacific District presided at the 
meeting. 

President Lee spoke in enthusiastic terms 
regarding the splendid work being done by 
the Sections in the two Districts, and asked 
whether there were any problems that should 
be discussed. In response to a question, he 
explained that many members had been 
appointed to Institute committees upon 
Section recommendations. He also spoke 
briefly on the Institute’s budget problems, 
his plans for the President’s page in ELEC- 
TRICAL ENGINEERING, the plans for 
covering about half of the expenses of general 
and District meetings that are chargeable to 
the Institute treasury by the collection of 
member and nonmember registration fees, 
and means of building up interest and mem- 
bership. 

After referring to some of the efforts to 
establish an over-all engineering organiza- 
tion, he indicated that little progress is being 
made in that respect and that the individual 
members have the answer within themselves. 
He said the engineering profession is strong 
because it has strong societies which can 
operate jointly when that serves a useful pur- 
pose. 

Vice-President Richard McKay of District 
9 said President Lee is doing excellent work 
for the Institute in building up enthusiasm. 
Some of the Section officers participated in 
the discussion of certain of the topics men- 
tioned above and others. The meeting 
afforded an ideal opportunity for closer 


acquaintanceship among the District and 
Section officers. 


STUDENT LUNCHEON 


’ Immediately following the Thursday morn- 
ing session, a luncheon was held which was 
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attended by the counselors from Districts 8 
and 9 for the Branch chairmen and students. 
Professor H. F. Lickey, chairman of the Dis- 
trict committee on Student activities, Dis- 
trict 9, presided, and asked each Branch 
counselor in turn to introduce representa- 
tives from his Branch. : 

Secretary Henline spoke briefly on the 
expansion of the Institute and some of the 
related problems. He looked forward to a 
15 per cent increase in student enrollment 
over the number that were enrolled last 
year and he explained that an important 
purpose of Student activities was to bring 
the students in contact with members of the 
Institute. He explained that the number of 
technical committees had been increased to 
31 organized into four broad groups and that 
expansion made it difficult to get a publica- 
tion program. In conclusion, he outlined the 
publications of the Institute and explained 
that the preparation of the budget was a real 
problem to see what can be done within esti- 
mated income. 

The second speaker, Vice-President D. I. 
Cone, reviewed activities at the summer 
general meeting held in Mexico and he 
highly recommended the papers which were 
presented at the education session. He 
referred to the many courtesies extended and 
the medals conferred on Past President Blake 
D. Hull and Secretary H. H. Henline at the 
special reception given to the board of direc- 
tors by the councilmen of the City of Mexico, 
and the resolution of appreciation adopted 
by the directors. He believed that the hold- 
ing of this type of meeting was a fine thing to 
do once in a while and the courtesies ex- 
tended by the Mexican government officials 
were truly remarkable. 

He advised that the award from the Mem- 
ber-for-Life fund to send the winners of the 
District Branch paper prize competitions in 
half the Districts each year to the summer 
general meeting to present their prize papers 
should be continued as long as there are 
funds available. 

The prize awards that are available for the 
presentation of papers were outlined briefly 


by C. S. Rich, secretary of the committee on 
award of Institute prizes. Professor Lickey 
pertinently supplemented the remarks by 
calling attention that the rules governing the 
awards were published in ELECTRICAL 
ENGINEERING for December 1947, pages 
1248-9, 

The counselor of the University of Califor- 
nia Branch commented briefly on the ad- 
vantages of joint Branch operation. 


JOINT LUNCHEON MEETINGS 


Wednesday noon 200 attended a joint 
luncheon meeting with the Associated 
Engineers of Spokane. H.C. Glaze, chair- 
man, introduced the honored guests and 
briefly gave the history of the association 
which was founded in 1911 as the Spokane 
Technical Society and in 1914 became known 
by its present name. 

After the luncheon, an illustrated talk on 
‘‘Applications of Induction and Dielectric 
Heating in Industry” was given by R. A. 
Nielsen of the Westinghouse Electric 
Corporation. As an introduction to the 
subject, Doctor Nielsen gave a clear concise 
illustration of induction heating and showed 
from the fundamental formula how the depth 
of penetration can be controlled by varying 
the frequency. One of the typical illustra- 
tions appropriate in the area of the Pacific 
Northwest was the shrinking of the edges of a 
band-saw so it can be run on crowned pul- 
leys. When considering an induction heat- 
ing installation, the speaker suggested that 
the following questions should be answered. 
‘*Is it economically sound to do it by induc- 
tion heating?” ‘‘Will the better product 
that results, the use of less skilled labor, the 
faster production rate, the application of heat 
only where it is needed, and so forth, make 
this expensive form of heat the most eco- 
nomical one to use?” 

The speaker explained that dielectric 
heating consists of using frequencies above 
two megacycles for heating materials ordi- 
narily classed as electric insulators. Instead 
of winding a coil around the material to be 
heated, the material is placed between the 


plates of a capacitor, and the heating is done 
by the dielectric loss which is directly propor- 
tional to the higher frequencies producing 
more rapid heating. Each kind of material 
has a dielectric loss per cycle, damp ma- 
terials heating more rapidly than dry ones. 
The difference in the heating rate between 
glue and wood is used to advantage in high- 
frequency edge-gluing presses where the glue 
is cured in a fraction of a minute. 


SERVICE CLUBS LUNCHEONS 


Most of the service clubs in Spokane 
regularly hold luncheon meetings in the 
various hotels on Thursday noon. These 
luncheons afforded an excellent opportunity 
for engineers to acquaint others with the 
significance of engineering achievements. 
President Lee spoke at the Kiwanis luncheon 
analyzing the significant points in the tech- 
nical papers and interpreting them in terms 
understandable in public daily life. At an- 
other luncheon held by the Rotary Club, 
Doctor Charles F, Wagner, Manager of the 
central station engineering department, — 
Westinghouse Electric Corporation, spoke on 
lightning, analyzing in simple terms the 
mechanism of lightning strokes, the ground 
wire or lightning arrester, and precautions 
to be taken in storms. 


WOMEN’S ENTERTAINMENT 


During the meeting the women were kept 
busy with a series of events arranged by Mrs. 
L. R. Gamble, Mrs. R. C. Kelly, and Mrs. 
H. L. Vincent. Tuesday noon luncheon 
groups were formed to become better ac- 
quainted followed by the president’s recep- 
tion and dance in the evening. Wednesday 
afternoon there was a tour of Spokane and 
a tea. Thursday a trip was taken up the 
Spokane Valley with luncheon at the Clark 
House on beautiful Hayden Lake, Idaho. 


BANQUET AND PRESENTATION OF GOLF 
PRIZES 


The banquet was held on Thursday even- 
ing in the Marie Antoinette Room at the 


All 


Chalmers photo 


(Left) W. J. Rheingans, Allis-Chalmers; A. F. Darland, United States Bureau of Reclamation; and Lloyd Hunt, Southern California 
Edison Company, view a demonstration of actual cavitation during a Pacific general meeting conference conducted by Mr. Rheingans. 
(Right) A portion of the group attending the cavitation conference which was held at the Davenport Hotel in Spokane 
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Davenport Hotel, Vice-President Richard 
McKay presiding. President Lee spoke 
briefly of his personal experiences in Spokane 
and expressed appreciatian for the friend- 
ships augmented way beyond expectations. 
He took occasion to introduce and thank 
personally each member of the general com- 
mittee and the chairmen of the subcom- 
mittees for the splendid meeting. 

Golf prizes were presented by W. L. 
Thrailkill, chairman of the golf committee, 
for the tournament played at the Spokane 
Country Club in the afternoon. Members 
of the Spokane Section rejoiced as it was 
announced that the John B. Fisken cup com- 
petition had been won by Richard C. Kelly 
so that the cup would reside in Spokane for 
the first time since donated by John B. Fisken 
who was a member of the Spokane Section. 
A bag boy was presented to a guest, Ress 
Pangburn for the low net score. The runner 
up for low net score was Al O’Brion who re- 
ceived a sand iron. Other prizes consisting 
of one or two golf balls were won as follows: 


Longest drive on number 1 fairway, Waldo Porter; 
* shortest drive on number 1, J. G. Beard, Jr.; closest 
drive to hole on number 9, Glen George; closest second 
shot to hole on number 18, J. C. Hinkle; lowest gross 
score, Al O’Brion; birdies, Peter Diederick, J. A. 
Peterson, Mickey McCain, and R. C. Kelly; in the 
pond on number 4, R. L. Lemman; high gross score, 
J. H. Siegfried; high net score, J. H. Siegfried and E, 
E. Ralph; highest score easy par 3 hole, L. B. Robinson 
and E. E. Ralph; highest score on easy par 5, Cc. F. 
Terrell; 13 score on number 16, W. L. Thrailkill; 
consolation prizes, Gray Clifton, H. C. Glaze, and 
R. C. Kelly. 

Entertainment during the banquet was 
provided by Tiny Talbot, master of cere- 
monies, in the form of jokes and magic. 
Myron Peters and Byron Swanson enter- 
tained with songs. 

On behalf of the San Francisco Section, 
J. Robinson extended a warm cordial invita- 
tion to take a vacation trip to San Francisco 
next year, attend the Pacific general meeting, 


and enjoy the centennial. 


Nucleonic Instruments Conference 
Held During Pacific Meeting 


Four conference papers, two on instrumen- 
tation, one on high-voltage accelerators, and 
one on the design criteria for atomic power 
reactors were presented in the conference 
nucleonic instruments held on ‘Tuesday, 
August 24, 1948, during the AIEE Pacific 
general meeting in Spokane, Wash. 

The subject of ‘Health Physics and Re- 
lated Instruments,’ was presented by G. H. 
Whipple, Jr., of the Hanford Works. He 
explained that health physics is concerned 
with the determination of the hazard from the 
deposition of radioisotopes in the body and 
from exposure of the whole body, or of lim- 
ited parts of the body, to neutron, beta, and 
gamma radiation. It is now generally 
accepted that total irradiation of any part of 
the body from all sources, including radio- 
active contaminants deposited in the skin, 
should not exceed 300 mrem per week, that 
is, that total irradiation which produces the 
same biological effect as 0.3 roentgen per 
week of X or gamma radiation. 

Health physics instruments must be reli- 
able, sensitive, and easy to use. A feature of 
reliability which is peculiar to these instru- 
ments is the necessity of discriminating be- 
tween different types of radiations. Many of 
the instruments must have a sensitivity of the 
order of 10-14 amperes. The art of health 
physics instrumentation is still in its infancy 
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and it is only in the last year or two that there 
has been opportunity for scientists, engi- 
neers, and manufacturers to co-operate. 
The instruments in common use were 
divided into six general categories as follows: 


Personnel meters. 

Alpha, beta, and gamma survey meters. 
Neutron survey meters. 

Hand and shoe counters. 

Dust, gas, vapor, and water samplers. 
Laboratory analytical counters. 


SO 


A few examples of each were discussed 
and several of the instruments were displayed. 

In conclusion, Mr. Whipple stated that the 
quantities of radioactive materials involved in 
the Hanford Works operation are enormous, 
yet there has not been a single radiation in- 
jury in the history of the plant. Credit for 
this record must be divided between the 
health physics instruments and the men who 
used them. The experience of the Hanford 
Works indicates that at least one of the prob- 
lems of practical atomic energy is near a 
satisfactory solution. 

The second conference paper, entitled 
“Survey of Nucleonic Instruments,” was 
presented by N. A. Marshall of the Navy 
Radiological Defense Laboratory. The cir- 
cuits for the major types of pulse counting 
instruments were explained and integrating 
types of instruments were outlined ranging 
in sizes from that of a fountain pen to instru- 
ments weighing about 11 pounds. In dis- 
cussion, Doctor O. J. M. Smith, of California, 
explained that an X-ray detector is a fluores- 
cent screen with a photomultiplier tube. 
Other uses of these instruments were men- 
tioned such as the determination of X-ray 
exposure photo time, X-ray thickness gauges, 
the use of a Geiger counter for scanning 
large castings for flaws, use of the Geiger 
counter in X-ray diffraction work, and in 
connection with the photographic film badge. 
Still another use had to do with the opera- 
tion of steel refining furnaces where a radio- 
active impurity of the same kind which can 
be detected or not detected is added to the 
charge as the type of material trying to be 
burned off. 

In the third presentation, the various types 
of “High-Voltage Accelerators,” were re- 
viewed and classified by Jack T. Wilson, 
physicist for the Allis-Chalmers Manufactur- 
ing Company. The machines were classi- 
fied in three main classes: 


1. Accelerators employing no magnetic field. 
2. Those employing a constant magnetic field. 
3. Those employing a changing magnetic field. 


Certain aspects of recent developments in 
the design of the second and third classes of 
these accelerators were discussed so that 
electrical engineers in general might have a 
better understanding of the equilibrium 
orbits and phase stability in these machines. 
In concluding, Mr. Wilson cited that the 22- 
million-volt betatron has been the first of the 
three types of machines to find important and 
practical use in industry. It has increased 
the thickness to at least 20 inches of a section 
of steel or bronze which may be inspected 
accurately with nondestructive X-ray analy- 
sis radiography. ‘The energy range of typi- 
cal X-ray machines was discussed and curves 
showed that the absorption curve for iron is 
nearly constant over the approximate range 
of from 3 to 22 million electron volts which is 
the region of most of the X rays produced by 
this type of betatron. 

The fourth conference presentation, “De- 
sign Criteria for Atomic Power Reactors,” 
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was given by Bruce R. Prentice, nucleonics 
department of the General Electric Company 
The “high performance” power plant; the 
type for obtaining newly-created fissionable 
material from nonfissionable source material, 
uranium 238, or from thorium was con- 
sidered. The process of producing more new 
fissionable material than is consumed al- 
though highly academic has become known 
as “breeding.” In further discussion, the 
authors listed three major criteria which 
form the most important objectives effecting 
economy of a high performance nuclear reac- 
tor as: 


1. A large margin of breeding new fissionable material 
per pound of material fissioned. 


2. High turnover on the investment of fissionable 
material (high kilowatts per pound of invested fission- 
able material and short processing time). 


3. Operation at maximum temperature. 


Many other significant objectives which 
have yet to be solved such as to safeguard 
health from harmful radiations, automatic 
controls capable of meeting the acceleration 
and deceleration demands, simplified sys- 
tems for handling of intensely radioactive fuel 
discharge, provision for continuous opera- 
tion while changing and discharging the fuel, 
and provision for quick replacement or re- 
pair of radioactive parts, present important 
problems. In conclusion, Mr. Prentice 
made it clear that the achievement of a great 
many of these objectives in a degree sufficient 
to make atomic power competitive with other 
fuels involves the solution of a very great 
many difficult technical problems. He was 
not at all certain that these problems can all 
be solved in sufficient degree to make an 
economic and competitive atomic power 
industry based on synthetic fuels, a certainty. 


Committee Issues Statement on 


Member-for-Life Fund Use 


Acting upon a request by the AIEE board 
of directors the following statement on the 
use of the Members-for-Life Fund has been 
submitted by the Members-for-Life Fund 
comunittee. 

Each year an increasing number of AIEE 
members arrive at the 35-year continuous 
membership status or at age 70, having paid 
dues for 30 years and in consequence become 
‘Member for Life.”? A corollary privilege is 
the exemption from their annual dues pay- 
ments. However, a fair proportion do not 
avail themselves of this privilege and, if cir- 
cumstances permit, continue to pay dues. 
These are now accumulated in a restricted 
fund. The appropriations from this fund 
are directed toward objectives recommended 
by the Members-for-Life committee as ap- 
proved by AIEE board of directors. 

To date (August 1948) the fund principal 
remaining after current expenses is $7,559.69 
and it probably will grow at a rate of $1,200 
to $1,500 per year. 

The present use of the fund is to defray 
expenses of winners of District papers com- 
petitions, odd numbered and even numbered 
Districts alternating annually, to summer 
general meetings. The object is to promote 
interest and competition among younger 
AIEE members. 

It is hoped that the fund will grow more 
rapidly so that it may increase in usefulness. 
Other objectives may be considered when the 
income is sufficient to defray costs. 
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AIEE Sections Officers 1948-49 


When Membership 
Name District Organized Aug. 1, 1948 Chairman Secretary Secretary’s Address 
Akron aecentenee 2 Aug. 12, ’20 109 CG. R, Reid N. A. Williams Good i 
alta oOataere a meetelate Bias RA eee . A. Williams... .... 2+. year Tire & Rubber Co., Dept. = i 
Alabama.......... » AnccwsBlay 22,°29.c0c% 158.00. .H, J. Scholz... cece sacs J iGrecpiall. cst. 4346 46th S00 Wess, Bermingh aks § Ain ad 
[GUO Acooneenaca) nuda anise eyes Worse | binge ac Ce Mat HlarOnnrrnten sieves Americo Lazzari........ 4323 North 14th Ave., Phoenix Ariz. 
ANT CANSAS s orone cualelel aston ih ele ie ADNS 2, A Taistene Tlie s.s/0Fde, We, Clay baughiss sss s\iee ks) Dee LeC WIS aie ereye! (sine piehe 6609 Kenwood Road, Little Rock, Ark, 
Arrowhead !icsicresises Dajerivw ADEs 235 40sincns Sol Saeieta RY EYBOiseM\.y. wisre,e1e.< 510 4,0 01) Ee) OHMS OM aha aieeeiayai nats Minnesota Power & Light Co., Duluth, Minn. 
Beaumont......... 2. Hotiaco June 27, °45..... 78rccvstvery, Ly, Howells asics R. W. Parker... ....... Westinghouse Elec. Corp., 1213 American Nat’l Bank Bldg. 
te ; : Beaumont, Texas 
oe fee Se oes sacra . sae sis a a Behar BA weer oe = e oe Soa eleymiorerete te L. F. Cleveland. ......: Northeastern University, 360 Huntington Ave., Boston 15, Mass. 
Desseeeseseeee Zeeeee lov. 5, SRE .....D. C. Krammes...........W. D. Cropley..........5436 Jonathan Ave., N. W., Canton 6, Ohi 
Central Indiana ¢ . 0005.00. Janiwl2, 12. 222 sci GAS WAtZEL)areronstetolelsteletets Gi M. Grabbers. 4507 East 10th St. Indianapolis 4, tnd 
OBicagO. cy snc 5.....1893 1487.....F. D. Troxel H.E.N Westi : , Wat i i 
Sat naan 5 ae sities CART ceca BOs ahi Clg enoaneonuene . E, Nason........... estinghouse Elec. Corp., 20 North Wacker Drive, Chicago 6, Il). 
ai TAH etacaberer als erat seeie catia June 30, ‘ OFBsoe Se ORRasE Ray E. Stroppel Whodanmnoe John P: Quitters... > 509 Missouri Ave., Cincinnati 26, Ohio ( 
CUCIENIG BEES Somes Dee REptwatyOlenries LO29c6a fe OR Muentelin es cmisheremcnuaie a) Lecruller aerrasieiterd tte Roe Elec. & Engg. Co., 1088 Ivanhoe Road, Cleveland 10, 
io 
Columbus. SAS Na eons Marlo e22. 0c : ey a eve Chester K. Bishop........ Roger LL) Merrill’... 691 North Dawson Ave., Columbus 3, Ohio 
Connecticut. 22.0.5. Werte ApielGtelaessins 492c..40% Clarence W. Mayott...... Floyd W. Buck... ....... United Illuminating Co., 80 Temple St., New Haven, Conn. 
Dayton. o.5 ccs Diels June 9, °43 adeas NOS sae W. R. Appleman......... C. H. Spitler...........The Leland Elec. Co., P.O. Box 1060, Dayton 1, Ohio 
Denver. cnarnctis oie 9020 Oiscreacvs INES ulsh let ael SSE awe GC. W..Keller...... ‘cs VADeR en ONES ventemeri ra Mountain States Tel. & Tel. Co., Box 960, Denver 1, Colo. 
East Tennessee re gage te 4 wcknus Sa Cheers | os Aboore Ra WeaNVich ver sivciciiaie «time Henry E. Williams...... Knox Porcelain Corp., 100-200 Mynderse St., Knoxville 11, Tenn. 
Cid SERS Ee a ete Docket anc et ere W220 setae Charles) Lo Reeds Irs. es she Be A ePavker. cis csi dovsints 2304 Bird Drive, Erie, Pa. 
BIOVIGaiayceie.. ticles Sic Beth Jaw S8y Ol caida SLD ines 6 Ri SADAvIS. Ravers seas ‘Jess! Phomaagi..ales 4 904 Ethan Allen, Jacksonville, Florida 
Fort: Waynes. <<. «. Shatin Aug. 14, 708..... ALS rs Ce Peterman seyiaos. sae Re Ee Trovinger isi... a2 2703 Hoagland Ave., Fort Wayne 6, Ind. 
Georgia tic. sc. 2s as Aese Jan--14,7°04. 2OT meas ROP LOOMIS. sos. v0 rs 6 as James R. Raney........ Georgia Power Co., 75 Marietta St., N, W., Atlanta, Ga. 
Houston.s Fe .os.. BsuNMt sachs Aug Tge28 ants ois ZAG. iss H. CG. Dillingham......... E. G. Westheimer......Southwestern Bell Tel. Co., Box 1780, Houston 2, Texas 
Hlinois' Valley...... -5.....June!30; 45.0... 117.....Walter J. Johnson........George E. Walters...... 707 East Lawndale Ave., Peoria 4, Ill. 
Nowa ia. cea. teed Bias siete uneiZ9; 729 159); ;%2 John V. Gebubr. «2... oun EH. O'Day, . sweler= Northwestern Bell Tel. Co., Des Moines, Iowa 
th aCaae eh er ee a paar Oct 15,702) <0 158 655% Py DMAnK rune cic c ovis sive Ere VEU el eg alenyetelet cine Corning Glass Works, Corning, N. Y. 
Kansas City...... we ti meaacs Apr. 14, 716..... D2broeke Jeeta Marra cecielsi tem <r Ivan Ps Knight...ic. 32; a City Power & Light Co., 1330 Baltimore Ave., Kansas 
ity 10, Mo. 
Lehigh Valley...... 2..... FADE LO, 92 cneiaue 200 «inle10 JoE. dreweels... swiss ies Ag Sie PLIGE tore» eleletslssalels 173 South Church St., Hazleton, Pa. 
Los Angeles BAR etic ido May 19, ’08..... eA ora OR Bradley Cozzens.......... OpetELs Viviall ete sisiele'erctel ere 301 No. Gerona Ave., San Gabriel, Calif. 
Louisville: 02.0562. BF cima. Oct. 15, ’26....,. PIO Saas M. G; Northrop cis 15.50% R. Di Spalding... 2595 Greenup, Louisville 4, Ky. 
Ey Diag nip) cas ss sisias cieis UNGsisc AUIE AD Adare 22 Oinislay« RG Ge Slaueri.. creicietesieieers/< Re Bre aml ierave 9) si e(ebelene General Elec. Co., 40 Federal St., West Lynn, Mass. 
INGA CIRON Sosa hayarels xa Diaoen Jan. 8; 09 6s. Pegs Lawrence F. Kehoe....... Leonard Elesse. <7... 2. 2075 Winnebago St., Madison 4, Wis. 
Mansfield ico vi0.-is.0 RRS Mar. 6, 39.000. 68, 621-5 CW aeR ee mia sis's1s/s\65 sets H. Re Delahooke.. .. or North Elec. Mfg. Co., Galion, Ohio 
Maryland... 2.2.03. Dieis'ers2 Dec. 16, 704.5... B36 roi. Robert L. McCoy........ ohn WielGorees : es. li 3707 Woodbine Ave., Baltimore 7, Md. 
Memphis eiaitials auctetste Siem May 22, 730...... 1062 css. James R. Morton......... Wm. B. Thompson......Firestone Tire & Rubber Co., Firestone Bldg., Memphis 7, Tenn. 
1 Fea a (eee Ua June'29, °22..... PVRS Manuel M. De Lascurain. .George B. Doughman...Apartado 403, Mexico D.F., Mexico 
Michigan... s.s.00.+« Da anata Jan. 195 Wd peices. 693s > Mi I MELOPRG \oprelee/alo wisen a. E,. Dissmieyert..... 2 oa Consumers Power Bldg., Jackson, Mich. 
Milwaukee......... Die ecays Peby ti 0s aes DX Wren Pre Bia) We SRELWOOd cies cialeieiae = Ee, Js asimpelly ats cyeietstvtet ove A. O. Smith Corp., Milwaukee, 1, Wis. 
Minnesota......... erste vale APES 15 02 aia 240 ears Harry BP. Brunckés. 6c +00. Albert Ja Hendry... ici «7 3211 24th Ave. South, Minneapolis 6, Minn. 
Montanais eck 6s. Dice at June. 24, 7317... 84,....Sidney McArthur.........Dennis A. Johnson...... 1406 2nd Ave. N., Great Falls, Mont. 
Montreal 32242 ic0 Oe Apis 26, ?43 <0 BOS cece M, Ca Tbusling isa). sims Az, Malin 2). ois «2 se sais Canadian Car & Foundry Co. Ltd., 621 Craig St., West, Montreal 
P.Q.3, Canada 
Muscle Shoals...... a aie Feb. 18, °38...6. Doverrele ...Evan V. Raffalovich..... 208 Circular Drive, Florence, Ala. ; 
hase Silt osetncodie'is Gast Jan. 21,°25.... BBG sete AS A ale tthle® scien a 'ois nis iBiarate Claude N. Allen........ Allis-Chalmers Mfg. Co., 9th & Farnam Sts., Omaha 8, Nebr. 
ew Mexico- ‘ 
West Texas....... Tae Mars 75 "40 cicisiere LOS nasi O. F. Metz.............-Lee R. Hammond, Jr... .2910 Grant Ave., El Paso, Texas 
New Orleans....... Aire laine Decis 85239 nsec welO ee wns M. G. Zervigon...........E. I. Blanchard......... Louisiana Power & Light Co., 433 Metairie Road, New Orleans, 
20, La. 
News Mork. Sees sis 0s Sisaniee Decs10; P10 cei A115 c0i.% SMe OI GbrtaG RoR ann orie te eek ebOn pelts avin tet Bell Telephone Labs., Inc., 463 West St., New York 14, N. Y. 
Wiagara Falls,...0.:  »00--Auge “5, 748.0006 TQ eas « W. Lore Eliason...,.....+ John A. Persson. .......P.O. Box 580, Union Carbide & Carbon Research Lab., Inc., 
Niagara Falls, N. Y. 
Niagara Frontier.... 1..... Feb; 10,725... 249.2... John E. Sowers....... Pik DETEOI IS. RICE Sale ateiehatele Buffalo Niagara Elec. Corp., Electric Bldg., Buffalo 3, N. Y. 
North Carolina..... AS otis DMharta2d 29 saier- 20G vais os G. G. Brepaecke 04 oes'es ne W. D. Stevenson........ North Carolina State College of Agri. & Engg., Raleigh, N. C. 
North Texas........ Tewtinss May, 18, *2besien . S07 s« =.) TM rag leisire cisincciersisrs BP iGeWeallace snis eiareren:< Texas Power & Light Co., P.O. Box 6331, Dallas 2, Texas 
Oklahoma City..... Chscriiahe Feb.16;°223.«0 00 UGB ives 0x0 Paul Berty ao sukapism ave este Harold L. Pickens...... Allis-Chalmers Mfg. Co., 901 West Grand, Oklahoma City 4, 
Okla. 
Panhandle Plains.... 7..... June 12, °47...%5 BOS cea OP. MicChurei << 00s os ames ee MULGY cS ate amieze «2 City of Lubbock, Lubbock, Texas 
Philadelphiacgoks sc (Seki Feb.'18, 703.,... T1248 3.6 36 As P. Godsho.® fiialé's's as ois H. H. Sheppard........ Rumsey Elec. Co., 1007 Arch St., Philadelphia 7, Pa. 
Pittsburgh. 322222 <1 De fae Octet e 02: ive 9162... PH, be VWVARDOD srsaieininie' ole F. H. Schlough......... 416 7th Ave., Pittsburgh, Pa. 
Pittstield......5<52 <i Diecenase%s Mar. 25, ’04..... DAD cree Horace S. Hubbard....... J. H. Hagenguth........General Elec. Co., 100 Woodlawn Ave., Pittsfield, Mass. 
Portland A.ceasiewe es DB aavelare May 18, ’09..... AO Tce Mi. Mi, Ewelllisseie::a:e:eie:0er018:8 Howard Arnett........- Portland General Elec. Co., 621 S.W. Alder St., Portland 5, Oreg. 
Providence......... Ai Seren Mar 12.220 .isv0. qo Ties William B. Carnie........ Chester B. Leathers..... General Elec. Co., 111 Westminster St., Providence, R. I. 
Richland. . .°. ss tracy Apr. 23, 748....+ Glivcscekl' Re Ugh esea. assests: fe Pls EACMIPOLL Vic rere» niche General Elec. Co., Project Engg. Div., Richland, Wash. 
ROGHeStEY os <.ciee:s 0; Maia Oct Ia. cans 204s sue « CG. .G.sPlomasen iy. o.sns.cisivs John Hi: Rogers. i...sicus. Eastman Kodak Co., Camera Works, Roehester 4, N. Y. 
Rock River Valley... 5..... Apr. 23, 747 «0 G9 ans Warner A. Johnson, ...... Sheldon A. Coxhead....Central Illinois Elec. & Gas Co., 305 N. Main St., Rockford, Ill. 
St Louiss oi siete 00 We Bieiavas Jan. 14,°03..... 44G i. sie Ro Wo Gaaskin icie oie sis sresete By Er Giloredse. 2 caine 4930 San Francisco Ave., St. Louis 15, Mo. 
San Diego......... Rave ale Jan. 18, °39..... 150s ons BISA Cordesic taste ewesas Je PRACODNER. 2 o.< slelavaleiars 5040 Westminster Terrace, San Diego 4, Calif. 
San Francisco...... SS sie Dec. 23, °04...6. 1937 dana ©..A; Gustafson... 3 ois: snes Wie SetCarter cece sce Pacific Tel. & Tel. Co., 140 New Montgomery St., San Francisco 
5, Calif. 
Schenectady........ Didserar's Jaren 26,03.0055 839000. HY, Le Palmer. y sec.0s oxo elise Le RACEM... ceases vss General Elec, Co., Control Engg. Div., Schenectady 5, N. Y. 
Seattle ys up .ais distor’ Se cars Jan. 19, °04...++ BTA aswel Harold R. Brown.......-. F, R, Bergseth......-0+. Dept. of Elec. Engg., University of Washington, Seattle 5, Wash. 
PSESMUOM Mere olay 6 5 81/0160 Disitee ¢ Dec. 115-°25... +0, TOS venice EB. W. Tipton. 2. ..se00 ee Gi Rie Monroe ins wc sie ues 1108 Memorial Blvd., Sharon, Pa. 
Shreveport......... 4, wiure June 12, 47,2... Le yeeescr R, O. Williams........+++ L. T. Williams.......++ P.O. Box 1106, Shreveport, La. 
South Bend........ Scene Bees. 41 aici. ORs Maca Re Mi SOORES a ois.clste s cadisinte GHOGMOVER sc.0.4.sine sre 5 1134 Lincolnway, West., South Bend, Ind. 
South Carolina. .... A daistae Mar. «2,740.5. wise BG. ira. Max Go Tole va:csie:s,nysi0e E. Parker Miller.......- South Carolina Elec. & Gas Co., P.O. Box 390, Columbia, S. C. 
South Texas........ T eaigsca May 23, °30..... LAL arene M, BF. Noster yc citi oinle oicin's As CaAlbertil. oaiccicanrc(s City Public Service Board, 201 No. St. Mary’s St., San Antonio 6, 
Texas 
Spokane........... 1D eereveie Feb. 14, 713..... AE Ge OE Wieskluna ays le exabiereieislss Si JeMPODS is kine since icicle 952 East 40th Ave., Spokane 10, Wash. 
Springfield......... Laat June 29,.°22..... OF hens J. L. Hyland. ....seeseess D.W. Hoot. . 2... cis cicie’s 2708 Main St., Springfield 7, Mass. 
Syracuse........... Lsretiare Aug. 12, 720..... 203). aviv L. M. Moore,.....+++0+: J. D. Hershey........%. General Electric Co., 113 S. Salina St., Syracuse 2, N. Y. 
EoledO tis iccts's s's slsxe levered June 35707... ReLOSaaa tet IME AVS Rec creer eraverer <cchote axe Walter M. Campbell... .2145 Central Grove Ave., Toledo, Ohio 
FE OLONLO «i eieisis!ors <5 LON vere Sept. 30)°03..;.. BOD iscsi Je Ba MOOres siicie eins sia ws Wi Ropblatmers oi. nears Hydro Elec. Power Comm. of Ontario, 620 University Ave., 
Toronto, Ont. 
Pulse stiviccios sic-<70.6 6 Wesetavers Octal) Slee. TInt Sim C. Wright........ wa eG. RoVan Burkler... <0 Public Service Co,, 600 S. Main, Tulsa 1, Okla. 
EP DAN Aisle os aisrs tare e Binehele (¢ Nov. 25, 702..,... Ses. 5 AGW: Batley.c cc sccc cece 1. PS Hangin, o, sine s sc Dept. of Elec. Engg., University of Illinois, Urbana, Ill. 
Wi taiaret reuiaxeyestvonsio ays OF Ree Mario soli aatcats TAO) vests Thomas Jordan........... John A. McDonald..... General Elec. Co., P.O. Box 779, Salt Lake City, 1, Utah. 
Vancouver......... eR Olere:ratets Aug 22571 cease LG Psae xe, | ME Te: Obeitonasnaenne DS: Smithy... cssarcess 4093 13th Ave. West, Vancouver B. C., Canada 
Virginia........... Coie May. 19, ’22..... 210 winks Wane DT. Jonns sce cce0. =i P. R, Spracher.......-- P.O. Box 1194, Richmond 19, Va. 
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in; 4 
: @ SAMI RUMEN ici ntasccace Potomac Elec. Power Co., 10th & E Sts. N.W., Washington 4, 
Washington........ 2.....Apr. 9, 703..... 790.....R. D. Bennett......-++- W. J. Lan ee : Pa 
SOTA 2 ADEE ONC Assy LO Zire ais Dierth, COOPER) Terie errr sien ames L. Simpson...... 10 Brookland Court, Charleston 1, W. Va. 
With Nered Necks a sk ee ie sf as oo we = = eee ee eteke + By iMeNicolleracterciaieke Kansas Gas & Elec. Co., 201 No. Market, Wichita 2, Kansas 
See Pe asa teane 81..,..Douglas L. Watkins: «> Wilfred G. Coleman... .General Elec. Co., 507 Main St., Worcester 8, Mass. 


Total Section..... OS setateets crnlaets ertosecgsn are 27,667 


Nase Chairman Secretary Secretary’s Address 


OE ee eee 

Albuquerque (New Mexico—West Texas Section) ..... Walter F. Hardgrave..... , 

Hon eee ae Orleans Section).........-+++++: A. K Ramsey, [ti acrvmieret Bes Adams ar bve rere scare Oe Southern Bell Tel. & Tel. rae Florida St., Baton Rouge 8, La. 

Binghamton Area (Ithaca Section)........-.++--+++ ARG Stowens aie sietcmierrn= WoJeRider. <9 care senate P.O. Box 1081, Binghamton, N. Y. 

Boulder City (Los Angeles Section)..........+--+-++ Albert E. Hamilton...... William M. Doak.......... PO): Box 398, Henderson, shee + 

Casper, Wyo. (Denver Section)........--.++--++++ B. A: Fleshman......-... Ga Re McLean’ sarceen sales Mountain States Power Co., payee ae Prange 

Centre County (Pittsburgh Section).............-+++ R. 5. Armington...... W. B. Sheppard.......0.- Elec. Engg. Dept., Pennsylvania State College, ge, Pa. 

Charleston (South Carolina Section).........-+++++: David T. Coleman....... GY: House, Jin ncanee hoe P.O. Box 303, Charleston, S. C. 

Charlotte (North Carolina Section)..........-.+++5- Russell Ranson........-- J. SUM yerss as chlorate P.O. Box 1969, Charlotte, N. Cc. 

Corpus Christi (South Texas Section). ............+: George A. Mills.......-- Thomas E, Duce.......+.- P.O. Box 1819, Corpus Christi, Texas 

Fort Worth (North Texas Section).......:.0++++++6+ FE, E. Woodruff... 20 s:00% CoKiBeyettes «i o0 fs sutese +2304 Loraine Court, Fort Worth 3, Texas 

Fox River Valley (Milwaukee Section).........-..+- Jesse W. Pomazal........ Joseph Jo Rock ian +. si Giddings & Lewis, Fond du Lac, Wis. 

Freeport (Houston Section)......-..-.eee++---se ee B. J. Nankervis........+: H. EK. Brown ake tasath oir eu cleeats 2 1414 West 5th St., Fi reeport, Texas Pee 

Fresno (San Francisco Section)............++++++++> BB, Mitllenaite science 50 Clyde L. Smith.;.......... Pacific Gas & Electric Co., 1401 Fulton St., Fresno 24, Calif. 

Great Falls (Montana Section)...........+++++00005 Sidney E. McArthur..... D: Ci Thurber... sissies ec 725 Fairhaven, Great Falls, Mont. : . 

Hamilton (Toronto Section). «jase ..s.s+ ssa ers C. E. Moorhouse.......- AMIS BCA Ce iriete mito ac sch can rigs en Power Comm. of Ontario, Box 434, Hamilton, Ont., 

anada 

Hampton Roads (Virginia Section).............05+5 eySaundersswrccmetenec ihe OIA (Ohfenodndrmncaan ors ot 45 Algonquin, Hampton, Va. , 

Hudson Valley (New York Section)...........+-.555 INURE dob al ey or seen n Bo Wie PAQUIN. 6 ciieieentn poieus penis Hudson Gas & Elec. Corp., South Road, Poughkeepsie, 

Jackson (Miss) (New Orleans Section).......-....+. Joseph B. Fountain...... “ALAN (Saxon): sie.s) ce preeleisatats Graybar Elec. Co., 758 Ricks St., Jackson, Miss. 

Jacksonville (Florida Section).........2...000seeees RoMi Garths.td recess ’ 

Johnstown (Pittsburgh Section)..........-.--++ee0s 

Lake Charles (New Orleans)..........+.00+ss00s000 Jor Weokirkland ir olan: W. W. Crossley..........--1317 Shaw St., Lake Charles, La. 

Lancaster-York (Maryland Section).............++- Nfs duetaUtlerasteerrsiaeiese Wh EL Freund jioseansciette RCA Mfg. Co., Lancaster, Pa. ae 

Miami (Florida Section)............ fig A rani ii a eae Haryeyib.) Pieree sci cr) GEN: Boothinnecsa snuenaeines % Maurice H. Connell & Associates, Langford Bldg., Miami 32, 
Fla. 

New, Jersey, (New, York Section) 00 02. ccc ewes ee Lawrence J. Lunas....... egies, Blackburn. ow mreiccte Westinghouse Electric Corp., Newark 1, N. J. 

Oak Ridge (East Tennessee Section)............-.+- AS DS Pay lortersreccreei eres 

Ottawai (Montreal Section) c,<1ts.<.c oc:)sieleleieps 6 e115 oun, Sys Gs Ra Davisesee corer ReMi Miorris ieee everel uae National Research Council, Sussex St., Room 70, Ottawa, Ont., 
Canada 

Ouad | Oriies (Towa Section) le rrares61- terete sials)siro o!<ielelstri= Raymond C, Judd....... EB. Hi. Breckenfelder.. 5.0. P.O. Box 537, Muscatine, Iowa 

Red River Valley (Minnesota Section).............+. Thomas C. Wright....... JamesiAy Dyvand).). «slcijers a Otter Tail Power Co., Fergus Falls, Minn. 

RachinondaVarginsya) Mngt sessile ere eit crete noere i tactelors Bruce/i@.) Halsted> .-... GiB, MicMiurdOrcirani sree asi 3523 Patrick Ave., Richmond 22, Va. 

Sacramento (San Francisco Section).........--+.-+++ E. S. Prud’Homme....... Chas. R. Day..............Sacramento Municipal Utility Dist., P.O. Box 2391, Sacramento, 
Calif. 

St. Maurice Valley (Montreal Section).............. IM; Batonicn sists sie lerciel re Donald King... .%..0-0-« P.O. Box 70, Shawinigan Falls, Que., Canada 

Saginaw Valley (Michigan Section)...............-- He Re Walkers) si..tocta cos Bois, Holmpren ss «ers airs 400 Park Ave., Bay City, Mich. 

San Jose (San Francisco Section)............-.+++0: JaScott Kay, teses.6 se L. O. Templeton...........Westinghouse Electric Corp., Project 28, Sunnyvale, Calif. 

Shasta (San Francisco Section).........+.0-2.5--+++- MH. Guile.nngcease ce IW; 'Gs, Whitney .rieeiiane Pacific Gas & Electric Co., 301 Main St., Chico, Calif. 

amas (Florida SECON) liieisis.c-cie:s:0. os ses siacisis cists sie RES WARS rere tn chars -econe 

West Central Texas (North Texas Section)........... Dan W. Whitaker... ..... BLN, Mitchelll)...:%03 6 estes General Meter Dept., West Texas Utilities Co., Abilene, Texas 

Western Virginia (Virginia Section)................ Gr LSeayn vast ccieetrs J; BSWhitmore:.3 2s seein P.O. Box 2021, Roanoke, Va. 

Wilmington (Philadelphia Section)................. Henry Evans.csc.<0 ss 2s William J. Mearns......... Hercules Powder Co., 900 Market St., Wilmington 99, Del. 

Zanesville (Columbus Section). ..........0+ceceeces R. P; Thompson..:. 2... R, We Hartsook:;. 02). Po au. 1637 Norwood Blvd., Zanesville, Ohio 


Geographical District Executive Committees 


ae 


=i : Chairman Secretary Chairman, District Committee on 
District (Vice-President, AIEE) (District Secretary) Student Activities 
1 North Eastern..... Victor Siegfried, American Steel & Wire Co.,....Frederick G. Webber, 9 Federal Court, Spring-....E. R. McKee, University of Vermont, Burling- 
Worcester 7, Mass. field 5, Mass. ; 


: 5 ton, Vt. 
2 Middle Eastern....G. W. Bower, 127 Hopkins Ave., Haddonfield,....A. C. Muir, Berwind-White Coal Mining Co.,... .J. L. Beaver, Lehigh University, Bethlehem, Pa. 


N. J. 1138 Commercial Trust Bldg., Philadelphia 2, 
Pa. 
3 New York City... .J. a Callahan, Ha C. A. Laboratories, Radio....W.J. Barrett, New Jersey Bell Tel. Co., 540 Broad....F. A. Wahlers Polytechnic Inst. of Brooklyn 
orporation of America, 66 Broad St., New St., Newark 1, N. J. c ivi : ; : 
York 4, N. Y. »N.J 99 Livingston St., Brooklyn 2, N. Y. 
4 Southern. yesrcias.« J. H. Berry, Electric Dept., Virginia Electric and....T. H. Mawson, Commonwealth & Southern..... W. O. Leffell, University of Tennessee, Knox- 
Power Co., Norfolk 1, Va. A Corp., 600 N. 18th St., Birmingham 2, Ala...... ville, Tenn. ; 
DeeGureat Wakes jeri Ira A. Terry, General Electric Co., Fort Wayne 2,....N. C. Pearcy, Pioneer Service & Engineering Co.,....W. H. Gamble, South Dakota State College 
Ind. 231 South La Salle St., Chicago 4, Il. Brookings, S. D. 
6 North Central.....I. Ae ee. cheat Bell Telephone Co.,....M. L. Burgess, Westinghouse Electric Corp., 117....J. O. Kammerman, South Dakota School of 
Telephone g., Omaha 2, Nebr. N. 13th St., Omaha 2, Nebr ; Mi & T ; i i 
- : ‘ , , ‘ hnology, Rapid City, S. Dak 
7 south West... = > G. N. Pingree, General Electric Co., 1801 North....Gibbs A. Dyer, Southwestern Bell T. Q Ts at retin sae 
Lamar St., Dallas 2, Texas las, Veins : ee ete ene Tie ee arias 
OE PACINO Saat tevacaar aise D. I. Cone, Pacific Tel. & Tel. Co., 140 New....B. D. Dexter, 245 Market St. S i i i i 
Mantypmbry SE) San Uivandwed 5) Calif Cane: > arke -» San Francisco,... Ma oe University, Stanford 
9 North West....... Richard McKay, Washington Water Power Co.,....H.C. Glaze, Jr., General El tric C : : . 
Weat 825 Trent Avenispokane 6, (WAAL. ? ae ane ee ectric Co., S. 162 Post... meee ett ts State College, Pull- 
dO Canada ener. D. G. Geiger, Bell Telephone Co. of Canada Ltd.,.... J. Taylor Fisher, i Sea Aa 
76 Adelaide St.W., se ion preeed pptie Fisher, 76 Adelaide St. West, Toronto 1,... e petal Be a of British Colum- 
Nore: Each District executive committee includes also the chairmen and secretaries of all Secti ithi cate anes Ring eramet: EEE oh 
mittee, and a member of the Sections Committee resident in the District. cctions within the District, the District vice-chairman of the AIEE membership com- 
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Alabama Polytechnic Inst., Auburn...............22005 4...R. D. Spann New Mexico College of A. & M. Arts, State College...... a ee ee 
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Brooklyn Polytechnic Inst. of, ae om N. Y. peers .. 3.,.Anthony B. Giordano, ani a eee Boston, Masso... eee ee eee 1...Roland G. Porter 
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Bucknell University, Lewisburg, Pa............+.00+0005 2...Richard G. Plaisted N ch: University, Not dilield, Vig cosa ee 1...F. A. Spencer 
‘ : otre Dame, University of, Notre DamenInds- oe oan eee 5...L. F. Stauder 
California Inst. of Technology, Pasadena................ 8... William H. Pickering Olin Northern U eters = 
California, University of, Berkeley.................-0005 8...R. M. Saunders Cie ole Wai a STEN, ACAI a 5 ure seis Hd eneeieg BE 
Carnegie Inst. of Technology, Pittsburgh, Pa............. 2...E. M. Williams a ais ma erte Columbus... 0.06.00. .eeees sens 2...Edmund D. Ayres 
Case Inst. of Technology, Cleveland, Ohio.............. 2...Carl F. Schuneman Oklah oe Pe at Sag OO PADRE FO SREE Do ctu ad. 2...D. B. Green 
Bh Univ, ci America Weduaginas D.C. -..8 2.5 eee Ae College, Stillwater................. 7...Charles F. Cameron 
Cincinnati, Univ. of, Cincinnati, Ohio..............---- 2...A. C. Herweh hie ee pk tea Of; NOMA s occ rie oie sain nies nn 7...Gerald Tuma 
eas College of Technology, Potsdam, N. Y.......... 1...Alfred R. Powers gon otate College, Corvalite anise nei or na smeeetae 9...Melvin J. Kofoid 
lemson A. & M. College, Clemson, S. C............... 4...F. T. Tingley Pennsylvania State College, S 
5 » Boe 3 ge, ptate Collegem a, sie des 2 
Colorado A. & M. College, Fort Collins................ 6...C. H, Chinburg Pennsylvania, University of, Philadelphia BERK ine ae ee ae 
Colorado, University of, Boulder, Colo................-. 6...Platt Wicks Pittsburgh, University of, Pittsburgh, Pa................. 2. J 'R c 1G ig et 
Columbia University, New York, N. Y.................. 3...W. A, LaPierre Pratt Institute, Brooklyn, ce Ae ea peel Cee cs a Doaald iH Wri h 
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ion, REN Moe he ci criodadel srs Pusan ce + ass >, Un y ot, Mayaguez, P. Ros. on a.) cee a 3...Miguel Wiewall, Jr. 
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Delaware, University of, Newark. riccoe sai oye stents Zaire Rensselaer Polytechnic Institute, Troy, N. Y. 
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Drexel Inst. of Technology, Philadelphia, Pa............. 2...F. C. Powell Rose Polytechnic Institute, Terre Haute, Ind............. oe ire! Cc Knipmeyer 
Duke University, Durham, N. C.......0...0.0.0 00000 4...Otto Meier, Jr. Rutgers, Winiversit yer eragasictcispder mem eet eke eee oe P. ees. 
Florida, University of, Gainesville..............+++2000- 4...F. H. Pumphrey Santa Clara, Univ. of, Santa Clara, Calif................ 8...Henry P. Nettesheim 
George Washington Univ., Washington, D. C............ Dee eae eer ed Gi Colmes ee ta EAE COC 4...S. A. Ferguson 
Georgia Inst. of Technology, Atlanta, Ga................ 4...H. B. Duling South Fite ene oe mn aron a R 3 wi Ci re ae - : Oo = Gamble 
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Harvard University, Cambridge, Mass................+++ 1...John C. Fisher Southern California, Univ. of, Los Angeles... .. c po 
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outhern: Methodist Univ., Dallas, Tex. ...055..:..<..40« 7...F. W. Tatum 
Idaho, University of, Moscow. . vetereeeeeessseees 9.,.J. Hugo Johnson Stanford University, Stanford University, Calif........... 8...Wm. G. Hoover 
Tllinois Inst. of Technology, Chicago. Sako antigo onc ire 5). Be DT. B. Gross Stevens Inst. of Technology, Hoboken, N Bt, : 
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Johns Hopkins University, Baltimore, Md............... 2...T. Benjamin Jones hee ia oe Station bqeiaep hed ire z ; Ns ee 
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Louisville, University of, Louisville, Ky..............0.5+ 4...T. R. Bailey Utah, University of, Salt Lake City.................... 9...0. C. Haycock 
Maine, University of, Orono............0-00e00e cree ee 1...P. M. Seal Vanderbilt University, Nashville; Tennss2sitir ae eit nie 4...S. R. Schealer 
Manhattan College, New York, N. Y........-....-205-. 3...Robert T. Weil Vermont, University of, Burlington..................... 1...John E. Dean 
Marquette University, Milwaukee, Wis................-- 5...E. W..Kane Villanova College, Villanova, Pa...................0005 Sixt; 
Maryland, University of, College Park.................. 2...L. J. Hodgins Virginia Military Institute, Lexington.................. Ane 
Massachusetts Tut, of Technology, Cambridge. . _. 1...E. W. Boehne Virginia Polytechnic Institute, Blacksburg... 0. . i uac. se 4...Claudius Lee 
Michigan College of Mining & Technology, Houghton. .. 5...G, W. Swenson Virginia, University of, Charlottesville... 2... ...4. 02.05. 4...L. R. Quarles 
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Missouri School of Mines & Metallurgy, Rolla.......... 7...1. H. Lovett Wisconsin, University of. ‘Median’. sat. we eee, By John C. Weber 
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b American Year Book, Advisory Board Engineers Joint Council 
Institute Representatives H. H. Henline : H. H. Henline B. D. Hull Everett S. Lee 


Aeronautical Electrical Equipment Standardization 

S. D. Summers, liaison representative with NASC and 
SAE 

Alfred Noble Prize Committee, ASCE 

T. M. Linville 


American Association for the Advancement of Science, 
Council 


J. W. Barker I. Melville Stein 


American Research Committee on Grounding 
C. T. Sinclair 


American Standards Association, Standards Council 


W. P. Dobson R. T. Henry Reginald L. Jones 
Alternates 
R. C. Bergvall J. R. North E. B. Paxton 
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Construction Industry Advisory Council 


Henry A. Lardner 


Electrical Standards Committee, ASA 


A. C. Monteith 


H. E. Farrer Reginald L. Jones E. B. Paxton Mervin J. Kelly 
Alternates 

W. P. Dobson F. E. Harrell J. J. Pilliod 

Engineering Foundation Board J. Elmer Housley 
J. W. Barker Cc. G. Suits 


Engineering Societies Monographs Committee 


F. M. Farmer 


Engineering Societies Personnel Service, Inc. 


H. H. Henline 


Engineers’ Council for Professional Development 
E. W. Davis 


M. S. Coover 


W. I. Slichter Everett S. Lee 


Hertz Award Committee 
M. S. Coover 


M. D. Hooven 


Institute Activities 


EJC Committee on International Relations 


EJC Committee on Selective Service 


EJC National Engineers Committee, consultative to 


Federal Authorities 
L. N. McClellan 


General Electric Educational Fund Fellowship Com- 


mittee 


Hoover Medal Board of Award 
H. S. Osborne John Castlereagh Parker J. G. Tarboux 
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Industry Committee on Interior Wiring Design 
M. M. Brandon L. C. Peterman 


John Fritz Medal Board of Award 

N. E. Funk J. Elmer Housley 

Everett S. Lee 

Joint Committee for Development of Statistical Ap- 
plications in Engineering and Manufacturing 

W. P. Dobson 

Library Board, United Engineering Trustees, Inc. 

N. S. Hibshman George Sutherland 

H. H. Henline, ex officio H. M. Turner 


Marston Medal Board of Award 
Harry B. Gear 


National Association of Corrosion Engineers: Inter- 


society Committee on Corrosion 
H. M. Trueblood 


B. D. Hull 


L. J. Gorman 


National Bureau of Engineering Registration, Ad- 
visory Board 


J. E. Hobson 


National Electronics Conference 
Wm Comings White 


National Fire Protection Association, Electrical Com- 
mittee 


Robin Beach L. F. Adams, alternate 


PERSONAL N 


G. Ross Henninger (A’22, M’27, F’43) 
a member of the AIEE headquarters staff 
since 1930, and editor of ELECTRICAL 
ENGINEERING since January 1, 1933, has 
resigned to become editor and general man- 
ager of publications for the Illuminating 
Engineering Society, New York, N. Y. He 
was born in Hamilton, Ohio, May 22, 1898; 
attended the public schools of Ocean Park, 
Venice, and Santa Monica, Calif.; received 
the degree of bachelor of science in electrical 
engineering from the University of Southern 
California, Los Angeles, with the class of 
1922, after completion of extracurricular 
work in the fields of civil engineering and 
business administration. During his univer- 
sity career he served the university as labora- 
tory instructor in physics and electrical engi- 
neering, and also was a full-time employee 
of the Southern California Edison Company, 
Ltd., serving in the company’s operating 
department as a substation and powerhouse 
night-shift operator. Upon graduation, he 
entered the student course of the Westing- 
house Electric and Manufacturing Company, 
East Pittsburgh, Pa., subsequently becoming 
a member of the relay section of the com- 
pany’s supply engineering department where 
he spent a year in laboratory, office, and field 
work. Leaving the employ of the Westing- 
house company, Mr. Henninger re-entered 
the services of the Edison company in 1923 
as operating assistant to the electrical protec- 
tion engineer, in which position he was 
charged with responsibility for the satisfac- 
tory operation of the protective relay equip- 
ment throughout the company’s system. In 
1924, he left the Edison company and moved 
to San Francisco to become engineering 
editor of the then Journal of Electricity (which 
subsequently changed its name to Electrical 
West), the Pacific Coast publication of the 
McGraw-Hill Publishing Company, Inc. 
In that position he developed and was in 
responsible charge of the technical depart- 
ment of the magazine until he went to New 
York in 1930 as associate editor for the AIEE. 
He remained in the latter position until he 
was named editor in 1933, Mr. Henninger 
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National Fire Waste Council ; 
Robin Beach W. R. Smith 


i h Council, Division of Engineering 
Mateasl heir ‘ and Industrial Research 
W. B. Kouwenhoven 


National Technological Advisory Committee 
John Castlereagh Parker 


Quarterly of Applied Mathematics 


M. G. Malti 
United Engineering Trustees, Inc. 
J F. ieee: W. H. Harrison D. A. Quarles 


United States National Committee of the International 
Commission on Illumination 
Ward Harrison S. G. Hibben Harris Reinhardt 
United States National Committee of the International 
Electrotechnical Commission 
E. B. Paxton 


H. E. Farrer Reginald L. Jones 

Alternates ee 
W. P. Dobson F. E. Harrell J. J. Pilliod 
Washington Award Commission : 
Hi B. Gear Frank V. Smith 


World Power Conference, Executive Committee of 
United States National Committee 


Everett S. Lee 


Qe IS goey.-c 


had been active in Institute affairs for many 
years prior to his employment on head- 
quarters staff. He was one of the organizers 
and was first chairman (1921) of the Student 
Branch at the University of Southern Cali- 
fornia, and served on various Pacific Coast 
convention committees (1925-30). When he 
left the Pacific Coast in 1930, he was vice- 
chairman of the San Francisco Section, and 
chairman of the San Francisco Engineers’ 
Club entertainment committee. During his 
employment by the Institute, he has served in 
various capacities in activities carried on 
jointly by AIEE and other societies, includ- 
ing: publicity and publication committee 
(1933-40) and committee on economic status 
of the engineering profession (1934-39), 
American Engineering Council; informa- 
tion committee, Engineers Council for Pro- 
fessional Development since 1933 (chairman 
1941-42 and 1946-47). For ECPD he pre- 
pared the popular guidance booklet “Engi- 
neering as a Career,”’ issued in 1942 for the 
information of high school students and 
counselors. Mr. Henninger also has been 
active in civic affairs in his home communi- 
ties: 14 years in Boy Scout activities in 
California; vice-president of the Teaneck, 
N. J., Taxpayers League, 1934-36; as a trus- 
tee of the Haworth, N. J., Municipal Library, 
1936-42; elected a member of the Haworth 


G. R. Henninger 
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A. C. Monteith 


Board of Education, 1940-2 (president 1942); 
and presently serving an elected term on the 
Borough Council. From 1942 through 1945 
he was on active duty as a lieutenant-colonel 


in the Army Air Forces, having been granted . 


leave of absence from the staff of ELEC- 
TRICAL ENGINEERING. Prior to enter- 
ing active military service in 1942, Mr. 
Henninger had devoted a substantial amount 
of his time for several months to the United 
States Navy Department in Washington in 
the organization of an editorial and review 
section in the office of the Secretary of the 
Navy for the co-ordination of Navy publica- 
tions. He was appointed a_lieutenant- 
colonel in the Army Specialists Corps in 1942 
to serve as a liaison officer on the staff of the 
Director General of the corps.at Washington, 
D. C., assisting the Signal Corps and the Air 
Corps in the procurement of technical per- 
sonnel. In the latter part of that year he 
was commissioned a lieutenant-colonel in the 
Army of the United States and transferred to 
the Army Air Forces with the immediate 
assignment to the then newly established Air 
Service Command headquarters at Patterson 
Field, Dayton, Ohio. In October 1944 he 
became chief of the Maintenance Data Sec- 
tion and a member of the staff of the chief of 
the Maintenance Division of what by that 
time had become the headquarters, Air 
Technical Service Command, through con- 
solidation of the original Air Service and 
Materiel Commands. His expanded duties 
included direct responsibility for procure- 
ment, preparation, publication, and dis- 
semination of the technical and instructional 
literature required for the operation, main- 
tenance, and repair of all equipment used by 
the Army Air Forces. While on terminal 
leave he was promoted to full colonel, which 
rank he now holds in the active reserve of the 
United States Air Force. In 1946 he was 
elected a director of the New York County 
chapter of the National Society of Profes- 
sional Engineers for the 1946-48 term. He 
also is a member of the American Society for 
Engineering Education. Colonel Henninger 
is a member of the AIEE publication com- 
mittee (1948-49), and is a registered profes- 
sional engineer in the State of New York. 


Henry L. Logan (A’19, F 43) manager of 
the department of applied research of the 
Holophane Company, Inc., New York, N. Y., 
has been elected a director of that company. 
Mr. Logan received his engineering training 
at the Institute of Polytechnics, Birming- 
ham, England, and following his service in 
the British Army in World War I, aided the 
British Admiralty in the development of 
wireless telegraphy for aviation use. Prior 
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; 
i 


to joining the Holophane Company in 1919 
as a consultant in illumination engineering, 


.Mr. Logan was technical director of the 


L. Sonneborn Sons, Inc., of New York, 
N. Y. During the last 29 years with the 
Holophane Company, he was instrumental 
in the adoption of high-intensity production 
lighting for the automotive and tire indus- 
tries, and in the development of the multi- 


controlens system for surgical work now in 


use in hospitals throughout the world. Mr. 


_ Logan was a pioneer in “built-in” lighting 


_ and illuminating systems developed by him 


were used extensively at both the Chicago 
Century of Progress (1933) and the New 
York World’s Fair (1939), as well as in 
numerous theatres, hospitals, and public 
buildings. Among his major inventions are 
the “‘Filterlite,’ the Chromograph, the 
‘““Modelite” display system, and lighting 
devices for use in the fields of television, 
radio, dental surgery, optics, and architec- 
ture. Mr. Logan is the author of many 
articles and lectures on illumination and 
holds a fellowship in the Illuminating Engi- 
neers Society. In 1922 and 1923, Mr. Logan 
served on the AIEE lighting and illumina- 
tion committee. 


Abe M. Zarem (A ’43) former chief of the 
electrical section of the physical research 
division at the United States Naval Ord- 
nance Test Station, Pasedena, Calif., has 
been appointed chairman of physics research 
and manager of the new Los Angeles Divi- 
sion of the Stanford Research Institute, Calif. 


' Doctor Zarem, an authority on ultrahigh- 


speed photography and measurement tech- 
niques and inventor of the Zarem camera, is a 
graduate of the Armour Institute of Tech- 
nology and was, during the war, a research 
engineer and group leader on several secret 
government contracts in electronics and 
physics. In this new position as manager 
of the Los Angeles Division, Doctor Zarem 
will co-ordinate the technical and administra- 
tive activities of his organization with those of 
the main office of the Stanford Research 
Institute at Stanford University. Among his 
professional affiliations, he includes member- 
ship in the American Institute of Physics, the 
American Institute of Radio Engineers, and 
Eta Kappa Nu, Sigma Xi, and Tau Beta Pi 
fraternities. 


Alexander C. Monteith (A’25, F’45) 
engineering executive of the Westinghouse 
Electric Corporation, East Pittsburgh, Pa., 
has been named vice-president in charge of 
engineering and research of that company. 
Mr. Monteith was born in Brucefield, On- 


W. N. Goodwin, Jr. 


OcToBER 1948 


E. H. Krieg 


tario, Canada, on April 10, 1902, and re- 
cevied his degree in electrical engineering 
from the Queens University, Kingston, On- 
tario, Canada, in 1923. He entered the 
graduate student course of the Westinghouse 
Corporation at the East Pittsburgh (Pa.) 
Works immediately afterwards, and has been 
employed there since. Among the positions 
held by Mr. Monteith during that time were 
manager, industry engineering department; 
director of education; manager, head- 
quarters engineering departments. He holds 
several patents for electric equipment he has 
developed, and is the author of numerous 
technical papers. He has been a member 
of the following AIEE committees: protec- 
tive devices, technical program, planning and 
co-ordination, power generation, and Stand- 
ards. Mr. Monteith has been chairman of 
the latter two. He also holds membership in 
these other societies and professional groups: 
American Society of Mechanical Engineers, 
American Standards Association, Confer- 
ence Internationale Des Grands Reseaux 
Electriques, International Electrotechnical 
Commission, American Society for Engi- 
neering Education, and the National Electrical 
Manufacturers Association. 


W.N. Goodwin, Jr. (A’06, F 13) consult- 
ant with the Weston Electrical Instrument 
Corporation, Newark, N. J., has com- 
pleted 50 years of service with that company. 
He was graduated from the University of 
Pennsylvania in 1898 and joined the Weston 
Corporation immediately afterwards. He 
was selected as chief engineer and director of 
research in 1906, following his work on the 
basic mathematical equations for instrument 
design a method that placed the manufac- 
turing of instruments on a scientific basis for 
the first time. Eventually he was elected 
vice-president in charge of research and 
engineering. Among Mr. Goodwin’s more 
important developments were the thermo- 
ammeter for the measurement of radio fre- 
quency in 1915, and its successor several 
years later, the rectifier-type instrument. 
He also developed the Weston exposure 
meter and the co-ordinating Weston film 
rating system in 1932. Though officially 
retired, Mr. Goodwin still serves as a Weston 
consultant and continues his studies in the 
field of instrument design and advanced 
measurement theory. He has been on the 
AIEE instruments and measurements com- 
mittee continuously since 1924, except for 
1925, 1926, and 1931. 


J. E. Hume (A’45) commercial vice-presi- 
dent of the General Electric Company, 


D. J. Munhall 
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Schenectady, N. Y., has retired from the 
company after 41 years’ service. Born near 
Alexandria, Va., Mr. Hume was graduated 
from the University of Virginia in 1906 with 
a bachelor of science degree in electrical 
engineering. The following year he joined 
General Electric on the test course at Schenec- 
tady, and after completing the course entered 
the switchboard engineering department. 
In 1911 he was transferred to the Baltimore 
office as a salesman, and returned to Schenec- 
tady the following year in the industrial 
department. Later he became manager of 
sales of the mining and steel section of that 
department. In 1928 Mr. Hume became 
manager of the motor division and the follow- 
ing year assistant manager of the entire indus- 
trial department. After being named man- 
ager of the department in 1935, he was 
elected a commercial vice-president of the 
company in 1938. 


Edwin H. Krieg (M47) former chief de- 
sign engineer of the American Gas and 
Electric Corporation at New York, N. Y., 
has been appointed consulting engineer at the 
Boston (Mass.) office of Stone and Webster, 
effective September 1, 1948. Since his 
graduation as a mechanical engineer from 
Cornell University in 1922, Mr. Krieg con- 
tinuously has been engaged in developing and 
designing power stations. From 1924 to 
1925, he designed sugar mill plants in the 
Dominican Republic, Central America, fol- 
lowed by numerous steam-electric and Diesel- 
electric plant designs in the United States 
and South America between the years 1925 
and 1933. Joining the American Gas and 
Electric Corporation immediately after- 
wards, Mr. Krieg was responsible for that 
company’s mechanical designs for high-pres- 
sure power installations totaling approxi- 
mately 2,000,000 kw in capacity. He is now 
a member of the AIEE nucleonics committee 
for 1947-48. Mr. Krieg is also a fellow of 
the American Society of Mechanical Engi- 
neers and has served for an umber of years on 
the prime movers committee of the Edison 
Electric Institute. 


K. M. Irwin (M’46) formerly manager of 
the Philadelphia (Pa.) Electric Company’s 
engineering department, has been elected 
vice-president of that company. He was 
graduated from the Yale-Sheffield Scientific 
School in 1915. After serving with the 
United States Navy in World War I he 
joined the United Gas Improvement Com- 
pany as a mechanical engineer. He trans- 
ferred to the Philadelphia Electric Company 
in 1931 and subsequently was appointed man- 
ager of the engineering department. Dur- 
ing World War II he was executive director 
of the London staff, public utility committee 
of the combined production.and resources 
board, which was concerned with the restora- 
tion of utility service in’ northwest Europe. 
In his new position he will be vice-president 
in charge of engineering. 


D. J. Munhall (A’43) has been appointed 
sales representative in upper New York State 
for the Pennsylvania Transformer Company, 
Pittsburgh, Pa. A graduate of the Univer- 
sity of Pennsylvania, Mr. Munhall was 
formerly sales engineer of the Union Carbide 
and Carbon Corporation in New York City 
and in Cleveland, Ohio. Before accepting 
his present appointment, he organized his 
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own firm, the Douglas J. Munhall Company, 
Manufacturers’ Representatives, Buffalo, 
‘New York. 


E, F. Peterson (A’33, M’45) formerly in 
charge of design engineering of receiving 
tubes, engineering division, General Electric 
Company, Schenectady, N. Y., has been 
appointed assistant manager of the tube divi- 
sion. Mr. Peterson was graduated from the 
Kansas State University with a bachelor of 
science degree in electrical engineering in 
1931, and a master of science degree in 1932. 
He was professor of physics at Sterling 
College, Sterling, Kans., from September 
1932 until July 1933. In that year he be- 
came associated with the General Electric 
Company at Schenectady and worked in the 
test department. In 1934 he was transferred 
to the vacuum tube engineering department 
and in 1941 he became supervisor of quality 
control for the tube division. In 1943 he 
returned to the engineering division as sec- 
tion leader on receiving tubes. 


H. E. Ives (F’29) research consultant of 
the Bell Telephone Laboratories, Inc., New 
York, N. Y., has received the Medal for 
Merit, representing the President’s highest 
award to civilians, made for his work as head 
of a government research project during 
World War II. He was cited for his brilliant 
work in development of equipment using 
infrared rays. Among other recipients of 
this award was Doctor C. G. Suits (M41) 
vice-president of the General Electric Com- 
pany in charge of the research laboratories 
at Schenectady, N. Y., who was cited for his 
work as chief of the radio and radar counter- 
measures division. In this position he 
headed the efforts to defeat the enemy use of 
cadio and radar communications. Also 
cited was Doctor Zay Jeffries (M ’36, F ’42) 
vice-president of General Electric in charge of 
the chemical department, Pittsfield, Mass. 
He was vice-chairman of the war metallurgy 
committee, the National Defense Research 
Committee. 


Merwin M. Brandon (A ’34, F ’44) associate 
electrical engineer of the Underwriters’ 
Laboratories, Inc., New York, N. Y., has 
‘been elected a vice-president. Mr. Bran- 
don, a graduate of Mississippi State College, 
joined the Underwriters’ Laboratories as an 
assistant engineer in 1921. In 1924, he be- 
came service engineer, and in 1927 was chief 
inspector. Since 1928, he has been in charge 
of original investigations and reports on elec- 
tric devices and appliances submitted to 
Underwriter testing laboratories in New 
York, Chicago, Ill., and San Francisco, Calif. 
A member of the AIEE technical program, 
insulated conductors, and general applica- 
tions co-ordinating committees during 1947— 
1948, Mr. Brandon has been chairman of the 
AIEE domestic and commercial applications 
‘committee (1947), and an executive officer 
of the AIEE Standards committee (1944— 
1947). 


W. F. Hess (A’32, M’41) associate professor 
of metallurgical engineering, head of the 
welding laboratory, Rensselaer Polytechnic 
Institute, Troy, N. Y., received the 1948 
Wetherill medal of the Franklin Institute, it 
was announced recently. The medal is 
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awarded “‘in consideration of his outstanding 
contributions to the art and science of weld- 
ing, notably in his field of electrical resist- 
ance welding” and will be presented to Hess 
by the president of the Franklin Institute, 
R. T. Nalle. Professor Hess received his 
doctor of engineering degree in 1928 from the 
Rensselaer Polytechnic Institute and was 
appointed instructor in electrical engineering 
and physics at the institute. He was soon 
advanced to the post of assistant professor, 
and in 1937 was transferred to the depart- 
ment of metallurgical engineering which re- 
cently had been established. In 1938 he was 
made associate professor and head of the 
welding laboratory. He became full pro- 
fessor in 1945 and head of the department of 
metallurgical engineering in 1947. 


M. R. Hanna (A’03) engineer of the motor 
engineering division at the General Electric 
Company’s Erie, Pa., works since 1926, 
retired in June after 45 years’ service with the 
company. Mr. Hanna began his employ- 
ment with General Electric in 1902 when he 
joined the general test program at Schenec- 
tady works. In 1905 he was transferred to 
the railway motor engineering department. 
In 1912 Mr. Hanna was placed in charge of 
electrical design in that department and in 
1925 named head of the department. His 
title later was changed to engineer, motor 
division, the position he held until his retire- 
ment. 


Samuel M. Dean (A’25, F 46) chief engi- 
neer of the system, The Detroit (Mich.) 
Edison Company, will be the next president 
of the Engineering Society of Detroit. A 
graduate of Michigan State College, Mr. 
Dean was with the General Electric Com- 
pany, Schenectady, N. Y., for ten years be- 
fore joining the Detroit Edison Company in 
1924. He was a member of the AIEE power 
transmission and distribution committee 
from 1933 to 1934, and is, at present, chair- 
man of the Edison Medal committee. A 
registered professional engineer, Mr. Dean 
also holds membership in the American 
Society of Mechanical Engineers and Tau 
Beta Pi fraternity. 


O. E. Buckley (M’19, F’29) president of 
Bell Telephone Laboratories, Inc., New 
York, N. Y., has been appointed by President 
Truman to a 6-year term as member of the 
general advisory committee of the Atomic 
Energy Commission. ‘The appointment was 
effective August 1, 1948. Members of the 
committee serve as advisors to the commis- 
sion on scientific and technical matters relat- 
ing to materials, production, and research, 
and development. Doctor Buckley served 
during World War II as member of the com- 
munications and guided missile divisions of 
the National Defense Research Committee. 
At the conclusion of the war he was awarded 
the Medal for Merit. 


M. W. Smith (A’20, F’42) formerly vice- 
president in charge of engineering and re- 
search, Westinghouse Electric Corporation, 
Pittsburgh, Pa., has been elected executive 
vice-president of the Baldwin Locomotive 
Works, Eddystone, Pa. Mr. Smith is a 
graduate of Texas Agricultural and Me- 


Institute Activities 


chanical College (1915), and was associated 
with Westinghouse for 33 years. During the 
period 1917-30, Mr. Smith was instrumental, 
in many interesting developments among 
which were the 40,000-kva generating units 
for the Conowingo power project on the 
Susquehanna River. He was appointed : 
division engineer at Westinghouse in 1930, § 
and was named manager of engineering in ~ 
1936. He was elected vice-president in ~ 
charge of engineering and research in 1939. 
In 1938 he won the Westinghouse order of 
merit with a medal and citation for his out- — 
standing services. 


J. E. Clem (A’19, M30, F ?38) central sta- 
tion engineering division, General Electric 
Company, Schenectady, N. Y., has been 
elected chairman of project 4 (field survey of 
and application problems associated with 
ground fault neutralizers) of the fault limiting 
devices subcommittee of the AIEE protective 
devices committee for 1948-49, and also has 
been appointed chairman of subcommittees 
3 (instrument transformer subcommittee), 7 
(working group on magnetization charac- 
teristics of transformers) and 12 (working 
group on co-ordination of insulation) of the 
AIEE transformers committee for 1948-49. 


O. W. Pike (A ’30, M ’36) formerly engineer, 
tube division, General Electric Company, 
Schenectady, N. Y., has been appointed 
manager of engineering, tube division. Mr. 
Pike joined the General Electric Company in 
1920 in the test department. In 1922 he 
transferred to the research laboratory and in 
1930 he became a member of the vacuum 
tube department, later becoming design 
engineer of that department. In 1942, Mr. 
Pike was named engineer of the vacuum tube 
department, becoming engineer of the tube* 
division in 1943. 


A. A. Johnson (A °34, M ’44) central station 
engineer, Westinghouse Electric Corpora- 
tion, East Pittsburgh, Pa., has been ap- 
pointed chairman of the fault limiting devices 
subcommittee and of project 2 (application 
guide on methods of grounding generator 
systems) of the AIEE protective devices com- 
mittee for 1948-49, and also of subcom- 
mittees 4 (working group on accuracy of 
voltage regulator control devices), 5 (work- 
ing group on operating guides for regulators), 
and 6 (working group on short-circuit ther- 
mal ratings of induction and step-type regula- 
tors) of the AIEE transformers committee for 
1948-49, 


Orrin W. Towner (A’28, M35) technical 
director of radio station WHAS, Louisville, 
Ky., has received the Presidential Certificate 
of Merit for civilian activities in World War 
II. The certificate, signed by President 
Truman and Supreme Court Justice Owen 
J. Roberts, was given to Mr. Towner for his 
work with the air-borne instruments labora- 
tory of Columbia University Division of War 
Research. Mr. Towner is a past chairman 
of the AIEE Louisville (Ky.) Section, and 
also holds membership in the Institute of 
Radio Engineers, the Acoustical Society of 
America, and the Society of Motion Picture 
Engineers. 
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Cherry L. Emerson (M 20, F’33) dean of 
engineering at the Georgia Institute of Tech- 
nology, Atlanta, Ga., will hold the newly 
created office of vice-president in charge of 
research, extension, and construction at that 
school. The following institute divisions all 
will be under Dean Emerson under the new 
setup: the engineering experiment station, 
the engineering extension division, the build- 
ings and grounds division, and the new con- 
struction division. 


F. R. Lack (M ’37) of the Western Electric 
Company, New York, N. Y., has been 
appointed chairman of the Radio Manufac- 
turers’ Association’s 8-man industry mobiliza- 
tion committee. R.C. Sprague (M’40) of 
the Sprague Electric Company, North 
Adams, Mass., is also a member. Objectives 
of the committee will be to persuade govern- 
ment officials to establish a committee to 
centralize and co-ordinate procurement of 
equipment and components, and to expedite 
production of equipment intended for mili- 
tary use. 


_ Henry B. Wood (A 19, F ’38) chief electrical 

' engineer of the Stone and Webster Engi- 
neering Corporation, Boston, Mass., has been 
awarded the honorary degree of doctor of 
engineering by Purdue University, Lafayette, 
Ind. In conferring the degree, the univer- 
sity characterized Doctor Wood as a “‘dis- 
tinguished engineer and executive, recognized 
for his contributions to our knowledge and 

- control of electrical power, honored for serv- 
ice to our nation during two wars.’ Doctor 
Wood was a member of the AIEE protective 
devices committee from 1930 to 1934. 


M. J. Kelly (M’26, F’31) executive vice- 
president of the Bell Telephone Laboratories, 
Inc., New York, N. Y., has been named chair- 
man of the new Committee on Navigation 
which will work closely with the Air Naviga- 
tion Development Board. 


J. F. McAllister (A ’40) has been appointed 
designing engineer in the specialty division of 
the General Electric Company. He has 
been on the design staff of that company 
since 1939, and with his new position, will be 
responsible for the design of precision testing 
units and devices for use in radio and elec- 
tronics. 


M. E. Skinner (A’18, M’46) has been 
named vice-president in charge of commer- 
cial operations, and Dudley Sanford (A ’25) 
has been named vice-president in charge of 
electric operations for the Union Electric 
Company, St. Louis, Mo. Mr. Skinner was 
on the AIEE membership committee from 
1921 to 1924, acting as its chairman in 1923 
* and 1924, and was a member of the AIEE 
special committee on Institute prizes for 


1935 and 1936. 


Edwin S. Bundy (A ’14, F ’33) former direc- 
tor, vice-president, and chief engineer of the 
Buffalo Niagara Electric Corporation, Buffalo 
N. Y., has been elected vice-president and 
chief engineer of the Niagara Hudson 
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Power Corporation, Syracuse, N. Y. Mr. 
Bundy was on the AIEE electric machinery 
committee from 1931 to 1938, and on the 
AIEE power transmission and distribution 
committee from 1932 to 1936. 


W. A. McMorris (A’30, M’37) General 
Electric Company, Pittsfield, Mass., has 
been appointed chairman of project 6 (per- 
formance characteristics of station type light- 
ning arresters) of the lightning protective 
devices subcommittee of the AIEE protective 
devices committee for 1948-49. 


J- R. McFarlin (A ’07, M ’26) secretary and 
electrical engineer, Electric Service Manu- 
facturing Company, Philadelphia, Pa., has 
been appointed chairman of project 7 (per- 
formance characteristics of valve type dis- 
tribution lightning arresters) of the lightning 
protective devices subcommittee of the AIEE 
protective devices committee for 1948-49. 


R. H. Earle (A ’27, M ’29) research engineer, 
Line Material Company, South Milwaukee, 
Wis., has been appointed chairman of proj- 
ect 8 (performance characteristics of 20 to 73 
kv line type lightning arresters) of the light- 
ning protective devices subcommittee of the 
AIEE protective devices committee for 1948- 
49. 


R. L. Witzke (A’37, M’45) central station 
engineer, industry engineering department, 
Westinghouse Electric Corporation, East 
Pittsburgh, Pa., has been appointed chair- 
man of project 9 (joint working group—with 
general systems subcommittee of the trans- 
mission and distribution committee—on 
recovery voltage characteristics of distribu- 
tion systems) of the lightning protective 
devices subcommittee of the AIEE protective 
devices committee for 1948-49. 


A. M. Opsahl (A’26, M’41) switchgear 
engineering department, Westinghouse Elec- 
tric Corporation, East Pittsburgh, Pa., has 
been appointed chairman of project 10 (per- 
formance characteristics of line expulsion 
arresters) of the lightning protective devices 
subcommittee of the AIEE protective devices 
committee for 1948-49. 


E. H. Grosser (A’45) engineer, Common- 
wealth Edison Company, Chicago, IIl., has 
been appointed chairman of project 11 (com- 
bined performance characteristics of light- 
ning protective devices) of the lightning pro- 
tective devices subcommittee of the AITEE 
protective devices committee for 1948-49. 


Milan Getting (A’37) superintendent, test 
department, Allis-Chalmers Manufactur- 
ing Company, Pittsburgh, Pa., has been 
appointed chairman of project 12 (status of 
rod gap characteristics) of the lightning pro- 
tective devices subcommittee of the AIEE 
protective devices committee for 1948-49, 


E. M. Hunter (A’28, M’36, F 48) central 
station engineering division, General Electric 
Company, Schenectady, N. Y., has been ap- 
pointed chairman of project 1 (application 
guide on methods of grounding transmission 
systems) of the fault limiting devices subcom- 
mittee of the AIEE protective devices com- 
mittee for 1948-49. 
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H. R. Paxson (A ’25, M ’40) senior engineer, 
in charge of protective relays, Philadelphia 
(Pa.) Electric Company, has been appointed 
chairman of subcommittee 2 (project com- 
mittee on generator protection) of the AIEE 
relay committee for 1948-49. 


G. B. Dodds (A’29, M’45) relay protection 
and section engineer, planning and develop- 
ment department, Duquesne Light Com- 
pany, Pittsburgh, Pa., has been appointed an 
AIEE sponsor of subcommittee 3 (project 
committee or co-ordination of construction 
and protection of distribution circuits—joint 
with distribution subcommittee and Edison 
Electric Institute) of the AIEE relay commit- 
tee for 1948-49. 


E. L. Harder (A’30, M’41) central station 
engineer, Westinghouse Electric Corpora- 
tion, East Pittsburgh, Pa., has been appointed 
chairman of subcommittee 6 (project com- 
mittee on transmission line protection) of the 
AIEE relay committee for 1948-49, and of 
the continuous variable computers subcom- 
mittee of the AIEE computing devices com- 
mittee for 1948-49. 


A. J. McConnell (A’36) central station 
engineering divisions, General Electric Com- 
pany, Schenectady, N. Y., has been ap- 
pointed chairman of subcommittee 7 (project 
committee on electronic relay applications) 
of the AIEE relay committee for 1948-49. 


E. L. Michelson (A’37, M’44) senior en- 
gineer, Commonwealth Edison Company, 
Chicago, IIl., has been appointed chairman 
of subcommittee 8 (project committee on 
insulation levels of relay and control circuit) 
and of subcommittee 10 (project committee 
on relay protection for stations without high- 
voltage switching) of the AIEE relay com- 
mittee for 1948-49. 


K.N. Reardon (M ’45) switchgear engineer, 
West Penn Power Company, Pittsburgh, Pa., 
has been appointed chairman of subcommit- 
tee 9 (project committee on relaying of inter- 
connections between industrial and utility 
generating systems of the AIEE relay com- 
mittee for 1948-49. ; 


C. E. Kilbourne (A’29, M°37) designing 
engineer, motor and generator engineering 
department, General Electric Company, 
Schenectady, N. Y., has been appointed 
chairman of the administrative subcommittee 
of the AIEE rotating machinery committee 
for 1948-49, of which he is also chairman. 


E. I. Pollard (A’35, M’45) manager of 
engineering, The Elliot Company, Ridgway,, 
Pa., has been appointed chairman of the 
synchronous machinery subcommittee of the 
AIEE rotating machinery committee for 
1948-49. 


C. W. Mayott (A’13, M’43) Hartford 
(Conn.) Electric Light Company, has been 
appointed chairman of the interconnection 
contracts subcommittee of the AIEE system 
engineering committee for 1948-49. 


V. M. Montsinger (A’14, M’24, F 29) re- 


search engineer, power transformer engineer- 
ing department, General Electric Company, 
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Pittsfield, Mass., has been appointed chair- 
man of subcommittees 1 (working group on 
co-ordinated study of life of transformer 
insulation), 9 (working group on tempera- 
ture limits of silicon insulation used in trans- 
formers) and 10 (working group on proposed 
revision of ASA rules in connection with 
short-circuit requirements of transformers), 
all of the AIEE transformers committee for 
1948-49. 


W. C. Sealey (A’25, M’38) Allis-Chalmers 
Manufacturing Company, Milwaukee, Wis., 
has been appointed chairman of subcommit- 
tee 2 (working group on routine measurement 
of hot spot temperature rise) of the AIEE 
transformers committee for 1948-49. 


F, J. Vogel (A’21, M41) research professor 
of electrical engineering, Illinois Institute of 
Technology, Chicago, has been appointed 
chairman of subcommittee 8 (working group 
on revision of dielectric tests) of the AIEE 
transformers committee for 1948-49. 


J. A. Adams (A ’24, M ’43) senior engineer, 
connections and control group, engineering 
department, Philadelphia (Pa.) Electric 
Company, has been appointed chairman of 
subcommittee 11 (working group on care and 
operation of dry type transformers) of the 
AIEE transformers committee for 1948-49. 


F. V. Smith (A’23, M’38) chief electrical 
engineer, Sargent and Lundy, Chicago, IIl., 
has been appointed chairman of the capaci- 
tor subcommittee of the AIEE transmission 
and distribution committee for 1948-49. 


Harold Cole (A’19, M’27) chief planning 
engineer, Detroit (Mich.) Edison Company, 
has been appointed chairman of the distribu- 
tion subcommittee of the AIEE transmission 
and distribution committee for 1948-49. 


S. B. Crary (A’31, M’37, F’45) analytical 
division, central station engineering division, 
General Electric Company, Schenectady, 
N. Y., has been appointed chairman of the 
general systems subcommittee of the AIEE 
transmission and distribution committee for 
1948-49. 


J. T. Lusignan (A’27, M’34) engineering 
department, Ohio Brass Company, Mans- 
field, has been appointed chairman of the 
lightning and insulator subcommittee of the 
AIEE transmission and distribution commit- 
tee for 1948-49, and is also chairman of the 
subcommittee on revision of AIEE Stand- 
ard 4 (measurement of test voltage in dielec- 
tric tests) of the AIEE instruments and 
measurements committee for 1948-49. 


T. M. Linville (A’27, M ’34, F ’47) electri- 
cal engineer, motor and generator engineer- 
ing department, General Electric Company, 
Schenectady, N. Y., has been appointed chair- 
man of the d-c machinery subcommittee of 


the AIEE rotating machinery committee for 
1948-49, 


M. L. Schmidt (A’37, M’43) section en- 
gineer, fractional horsepower motor engi- 
neering division, General Electric Company, 
Fort Wayne, Ind., has been appointed chair- 
man of the single-phase and fractional horse- 
power subcommittee of the AIEE rotating 
machinery committee for 1948-49. 
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J. L. Fuller (A?37, M’45) experimental 
engineer, Reliance Electric and Engineering 
Company, Cleveland, Ohio, has been ap- 
pointed chairman of the test code subcom- 
mittee of the AIEE rotating machinery com- 
mittee for 1948-49. 


R. W. Wieseman (A’18, M’26) motor and 
generator engineering division, General 
Electric Company, Schenectady, N. Y., has 
been appointed chairman of the insulation 
resistance subcommittee of the AIEE rotating 
machinery committee for 1948-49, 


C. H. Black (A’41, M ’45) assistant to man- 
ager, engineering department, General Elec- 
tric Company, Philadelphia, Pa., has been 
appointed chairman of the circuit breaker 
subcommittee of the AIEE switchgear com- 
mittee for 1948-49. 


H. V. Nye (A’20, F 40) engineer in charge, 
switchgear design, Allis-Chalmers Manufac- 
turing Company, West Allis, Wis., has been 
appointed chairman of the switchgear as- 
semblies subcommittee of the AIEE switch- 
gear committee for 1948-49. 


H. H. Rudd (A’18, M’46) vice-president, 
Railway and Industrial Engineering Com- 
pany, Greensburg, Pa., has been appointed 
chairman of the switches, fuses, and insula- 
tors subcommittee of the AIEE switchgear 
committee for 1948-49. 


K. J. Falck (A’28, M’43) senior engineer, 
engineering department, Philadelphia (Pa.) 
Electric Company, has been appointed chair- 
man of the subcommittee on high-voltage 
switching—where out of phase voltages exist 
at time of arc interruption—of the AIEE 
switchgear committee for 1948-49. 


H. L. Harrington (M ’34) system load super- 
visor, Buffalo, Niagara and Eastern Power 
Corporation, Buffalo, N. Y., has been ap- 
pointed chairman of the system planning 
subcommittee of the AIEE system engineer- 
ing committee for 1948-49. 


O. W. Manz, Jr. (M’34) Consolidated 
Edison Company of New York, N. Y., Inc., 
has been appointed chairman of the system 
operations subcommittee of the AIEE sys- 
tem engineering committee for 1948-49, 


A. P. Hayward (A’30) investigating en- 
gineer, power stations department, Duquesne 
Light Company, Pittsburgh, Pa., has been 
appointed chairman of the system economics 
subcommittee of the AIEE system engineer- 
ing committee for 1948-49, 


R. Brendt (A’26) engineering operating 
department, New England Power Company, 
Boston, Mass., has been appointed chairman 
of the system controls subcommittee of the 


AIEE system engineering committee for 
1948-49. 


W.E. Pakala (A ’38, M’45) liaison engineer, 
engineering laboratories and standards de- 
partment, Westinghouse Electric Corpora- 
tion, East Pittsburgh, Pa., has been appointed 
chairman of the subcommittee on basic 
principles of altitude rating of electric ap- 
paratus of the AIRE air transportation com- 
mittee for 1948-49, 
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L. A. Burckmyer (A ’32,M ’41) professor of 
electrical engineering, Cornell University 
Ithaca, N. Y., has been appointed chairman 
of the subcommittee on master test code for 
temperature measurements of the AIEE 
instruments and measurements committee 
for 1948-49. 


H. C. Koenig (A’18, M’30) engineer-in- 
charge, electrical department, Electrical 
Testing Laboratories, New York, N. Y., has 
been appointed chairman of the subcommit- 
tee on revision of C 39 (electric indicating 
instruments) of the AIEE instruments and 
measurements committee for 1948-49. 


W. G. Knickerbocker (A’20, M 730, F ’46) 
superintendent of meters, “Detroit (Mich.) 
Edison Company, has been appointed chair- 
man of the subcommittee on watt-hour meters 
of the AIEE instruments and measurements 
committee for 1948-49. 


G. W. Dunlap (A’35, M42, F 48) general 
engineering and consulting laboratory, Gen- 
eral Electric Company, Schenectady, N. Y., 
has been appointed chairman of the nucle- 
onics instrumentation and control subcom- 
mittee of the AIEE nucleonics committee for 
1948-49, and is also chairman of the joint 
subcommittee on nucleonic instruments (joint 
with nucleonics and instruments and meas- 
urements committees) for 1948-49. 


D. E. Fritz (A’43) design engineer, aviation 
engineering department, Westinghouse Elec- 
tric Corporation, Lima, Ohio, has been ap- 
pointed chairman of the aircraft electric 
rotating machinery subcommittee of the 
AIEE air transportation committee for 1948- 
49. 


W. F. Moore (A’47) aviation division, 
General Electric Company, Schenectady, 
N. Y., has been appointed chairman of the 
aircraft systems subcommittee of the AIEE 
air transportation committee for 1948-49. 


L. W. Birch (A’20, M ’29) engineer trans- 
portation department, Ohio Brass Company, 
Mansfield, has been appointed chairman of 
the heavy traction electrification data sub- 
committee of the AIEE land transportation 
committee for 1948-49. 


H. F. Brown (A’10, M’25, F’47) electric 
traction engineer, New York, New Haven and 
Hartford Railroad, New Haven, Conn., has 
been appointed chairman of the heavy trac- 
tion papers and plans subcommittee of the 


AIEE land transportation committee for 
1948-49. 


W. J. Clardy (M’39) engineer, industry 
engineering department, Westinghouse Elec- 
tric Corporation, East Pittsburgh, Pa., has 
been appointed chairman of the light traction 
papers and plans subcommittee of the AIEE 
land transportation committee for 1948-49. 


F. H. Craton (A’31, M’38) manager, indus- 
trial haulage division, General Electric 
Company, Erie, Pa., has been appointed 
chairman of the subcommittee on revision of 
AIEE Standard 16 (electric railway control 
apparatus) ASA C48 subcommittee, of the 


AIEE land transportation committee for 
1948-49, 
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Clarence Lynn (A’38, M’43) manager, d-c 
generating engineering, Westinghouse Electric 
’ Corporation, East. Pittsburgh, Pa., has been 
appointed chairman of the power generation 
subcommittee of the AIEE marine transpor- 
tation committee for 1948-49. 


W.N. Zippler (A ’20, M ’38) chief electrical 
engineer, Gibbs and Cox, Inc., naval archi- 
tects and marine engineers, New York, N. Y., 
has been appointed chairman of the wires 
and cables subcommittee of the AIEE marine 
transportation committee for 1948-49, and 
is also chairman of the editing subcommittee 
of the same committee. 


H. C. Coleman (A’18, M’28) manager, 
marine engineering department, Westing- 
house Electric Corporation, East Pittsburgh, 
Pa., has been appointed chairman of the 
switchboards and control subcommittee of 


the AIEE marine transportation committee 
for 1948-49. 


J. B. Feder (A’°17, M’41, F’47) com- 
mander, United States Coast Guard, Mer- 
chant Marine Technical Division, Washing- 
ton, D. C., has been appointed chairman of 
the fittings and appliances subcommittee of 


the AIEE marine transportation committee 
for 1948-49. 


W. H. Reed (A’26, M’43) electrical en- 
gineer, Bruce Electric Company, New York, 
N. Y., has been appointed chairman of the 
communications and alarm subcommittee of 
the AIEE marine transportation committee 
for 1948-49. 


S. N. Mead (M.’45) vice-president, Henschel 
Corporation, Amesbury, Mass., has been 
appointed chairman of the navigation equip- 
ment subcommittee of the AIEE marine 
transportation committee for 1948-49. 


R. A. Beekman (A’13, M’27) manager, 
federal and marine engineering division, 
General Electric Company, Schenectady, 
N. Y., has been appointed chairman of the 
publicity, personnel, and history subcom- 
mittee of the AIEE marine transportation 
committee for 1948-49. 


A. J. Dusault (A’46) Westinghouse Lamp 
Division, Bloomfield, N. J., has been ap- 
pointed chairman of the ultraviolet radiations 
subcommittee of the production and applica- 
tion of light committee for 1948-49. 


E. H. Browning, Jr. (A’43) Westinghouse 
Electric Corporation, East Pittsburgh, Pa., 
has been appointed chairman of the arc fur- 
naces and electrothermal processes subcom- 
mittee of the AIEE chemical, electrochemi- 
cal, and electrothermal committee for 1948— 
49. 


E. L. Kirk (A’40, M’45) engineer, Dow 
Chemical Company, Midland, Mich., has 
been appointed chairman of the cathodic pro- 
tection subcommittee of the AIEE chemical, 
electrochemical, and electrothermal com- 
mittee for 1948-49. 


W. E. Gutzwiller (A’30, M’40) sales en- 
gineer, in charge of rectifier sales, electrical 
department, Allis-Chalmers Manufacturing 
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Company, Milwaukee, Wis., has been ap- 
pointed chairman of the electrolytic proc- 
esses subcommittee of the AIEE chemical, 
electrochemical, and electrothermal com- 
mittee for 1948-49. 


L. O. Grondahl (A’26, M’42, F’47) re- 
search and engineering department, Union 
Switch and Signal Corporation, Swissvale, 
Pa., has been appointed chairman of the 
metallic rectifiers subcommittee of the AIEE 
chemical, electrochemical, and electrother- 
mal committee for 1948-49. 


L. M. Goldsmith (M’26, F’47) chief 
engineer, Atlantic Refining Company, Phila- 
delphia, Pa., has been appointed chairman of 
the petroleum refining and production sub- 
committee of the AIEE chemical, electro- 
chemical, and electrothermal committee for 
1948-49, and is also chairman of the power 
application subcommittee of the AIEE 
marine transportation committee for 1948— 
49, 


H. C. Riggs (A’42) manager of research, 
Electric Storage Battery Company, Phila- 
delphia, Pa., has been appointed chairman of 
the storage batteries subcommittee of the 
AIEE chemical, electrochemical, and elec- 
trothermal committee for 1948-49. 


L. W. Roush (A ’43) chief electrical engineer, 
electrical engineering department, Carbide 
and Carbon Chemicals Corporation, South 
Charleston, W. Va., has been appointed 
chairman of the chemical industries subcom- 
mittee of the AIEE chemical, electrochemical, 
and electrothermal committee for 1948-49. 


W.C. Rudd (A ’34) chief engineer, engineer- 
ing department, Induction Heating Corpora- 
tion, New York, N. Y., has been appointed 
chairman of the electronic heating subcom- 
mittee of the AIEE electric heating commit- 
tee for 1948-49. 


P. H. Goodell (A ’40, M ’46) industrial heat- 
ing engineer, The Trumbull Electric Manu- 
facturing Company, Plainfield, Conn., has 
been appointed chairman of the radiant heat- 
ing subcommittee of the AIKE electric heat- 
ing committee for 1948-49. 


R. M. Baker (A’28, M ’40) industrial elec- 
tronics division, Westinghouse Electric Cor- 
poration, Lansdowne, Md., has been ap- 
pointed chairman of the subcommittee on 
radiation measurements above 200 mega- 
cycles of the AIEE electric heating commit- 
tee for 1948-49. 


L. P. Hynes (M ’24, F’43) owner and chief 
engineer, Hynes Electric Heating Company, 
Camden, N. J., has been appointed chair- 
man of the resistance heating and electric 
furnaces subcommittee of the AIEE electric 
heating committee for 1948-49. 


C. M. Rhoades, Jr., (A’44) industrial 
engineering division, General Electric Com- 
pany, Schenectady, N. Y., has been ap- 
pointed chairman of the power supply for 
resistance welding machines subcommittee of 
the AIEE electric welding committee for 
1948-49. 
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A. E. Davison (A’13, M’44) transmission 
engineer, Hydro-Electric Power Commis- 
sion, Toronto, Ontario, Canada, has been 
appointed chairman of the towers, poles, and 
conductors subcommittee of the AIEE trans- 


mission and distribution committee for 1948— 
49. 


Clyde E. Smith (M’44) chief electrical 
engineer, Taylor-Winfield Corporation, 
Warren, Ohio, has been appointed chairman 
of the resistance welding subcommittee of the 
AIEE electric welding committee for 1948- 
49. 


E. F. Steinert (A’30) welding apparatus 
engineering, Westinghouse Electric Corpora- 
tion, Buffalo, N. Y., has been appointed 
chairman of the arc welding subcommittee of 
the AIEE electric welding committee for 
1948-49. 


W. B. Wigton (A’40) electrical engineer, 
Cincinnati (Ohio) Planer Company has 
been appointed chairman of the machine 
tools subcommittee of the AIEE general 
industry applications committee for 1948-49. 


E. M. Hayes (A’40) electrical engineer, 
crane and bridge department, Dravo Cor- 
poration, Pittsburgh, Pa., has been appointed 
chairman of the materials handling subcom- 
mittee of the AIEE general industry applica- 
tions committee for 1948-49. 


G. W. Knapp (A’45) engineer, paper and 
textile division, industrial engineering divi- 
sions, General Electric Company, Schenec- 
tady, N. Y., has been appointed chairman of 
the pulp and paper industry subcommittee 
of the AIEE general industry applications 
committee for 1948-49, 


K. W. John (A’29, M’41) electrical en- 
gineer, United States Rubber Company, 
Detroit, Mich., has been appointed chairman 
of the rubber and plastics industries subcom- 
mittee of the AIEE general industry applica- 
tions committee for 1948-49. 


F. D. Snyder (A ’45) textile engineer, West- 
inghouse Electric Corporation, Boston, 
Mass., has been appointed chairman of the 
textile industry subcommittee of the AIEE 
general industry applications committee for 
1948-49, 


E. H. Salter (A’23, M’29) research en- 
gineer, Electrical Testing Laboratories, Inc., 
New York, N. Y., has been appointed chair- 
man of the nomenclature of electronic lamps 
subcommittee of the AIEE production and 
application of light committee for 1948-49. 


E. A. Lindsay (A’43) electrical engineer, 
General Electric Company, Cleveland, Ohio, 
has been appointed chairman of the infrared 
radiations subcommittee of the production 
and application of light committee for 1948— 
49. 


Giuseppe Calabrese (A’25, M40) assistant 
engineer, system engineering department, 
Consolidated Edison Company of New York, 
N. Y., Inc., has been appointed chairman of 
the AIEE joint subcommittee on application 
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of probability methods to capacity problems 
(joint with power generation and system 
engineering committees) for 1948-49. 


V. P. Hessler (A’29, M 36, F ’43) depart- 
ment of electrical engineering, University of 
Illinois, Urbana, has been appointed chair- 
man of the AIEE joint subcommittee on 
carbon brushes (joint with rotating machinery 
and air transportation committees) for 1948— 
49. 


J. G. Reid, Jr. (A’47, M’48) division 13, 
section 6, National Bureau of Standards, 
Washington, D. C., has been appointed 
chairman of the AIEE joint subcommittee on 
electronic instruments (joint with electronics 
and instruments and measurements) for 
1948-49. 


C. K. Duff (A’28, M’41) meter engineer, 
operating department, Hydro-Electric Power 
Commission of Ontario, Toronto, Ontario, 
Canada, has been appointed chairman of the 
AIEE joint subcommittee on telemetering 
(joint with substation and instruments and 
measurements committee) for 1948-49. 


H. H. Haglund (M ’28) apparatus engineer, 
engineering department, Western Union 
Telegraph Company, New York, N. Y., has 
been appointed chairman of the record com- 
munications subcommittee of the AIEE com- 
munication committee for 1948-49. 


J. W. Mauchly (M’48) Eckert-Mauchly 
Computer Corporation, Philadelphia, Pa., 
has been appointed chairman of the digital 
computers subcommittee of the AIEE com- 
puting devices committee for 1948-49. 


D. G. Fink (M’45) executive editor, Elec- 
tronics, McGraw-Hill Publishing Company, 
Inc., New York, N. Y., has been appointed 
chairman of the electronic aids to navigation 
subcommittee of the AIEE electronics com- 
mittee for 1948-49. 


R. C. Mason (A’26, M’37) Westinghouse 
Research Laboratories, East Pittsburgh, Pa., 
has been made chairman of the electronic 
precipitation subcommittee of the AIEE elec- 
tronics committee for 1948-49. 


W.C. White (A ’23, M ’30) research labora- 
tory, General Electric Company, Schenec- 
tady, N. Y., has been appointed chairman of 
the electronic papers, meetings and section 
contacts subcommittee of the AIEE elec- 
tronics committee for 1948-49. 


G. J. Crowdes (A’21, F 46) assistant chief 
electrical engineer, Simplex Wires and Cable 
Company, Cambridge, Mass., has been ap- 
pointed chairman of the high-frequency con- 
ductors, cables, and connectorssub committee 
of the AIEE electronics committee for 1948- 
49. 


D. E. Trucksess (M’40) member of techni- 
cal staff, power apparatus development 
department, Bell Telephone Laboratories, 
Inc., New York, N. Y., has been appointed 
chairman of the hot-cathode electronic 
power converters subcommittee of the AIEE 
electronics committee for 1948-49. 
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R. S. Burnap (A717, M’29) manager, com- 
mercial engineering section, RCA Victor 
division, Radio Corporation of America, 
Harrison, N. J., has been appointed chair- 
man of the subcommittee for liaison with 
Institute of Radio Engineers of the AIEE 
electronics committee for 1948-49. 


O. W. Pike (A’30, M’36) engineer, tube 
division, electronics department, General 
Electric Company, Schenectady, N. Y., has 
been appointed chairman of the subcommit- 
tee for liaison with the Joint Electron Tube 
Engineering Council of the AIEE electronics 
committee for 1948-49. 


W. H. Pickering (A’40) assistant professor 
of electrical engineering, California Institute 
of Technology, Pasadena, has been appointed 
chairman of the West Coast subcommittee of 
the AIEE electronics committee for 1948-49. 


F. N. Tompkins (A’18, F’44) associate 
professor of electrical engineering, Brown 
University, Providence, R. I., has been made 
chairman of the electronic education sub- 
committee of the AIEE electronics committee 
for 1948-49. 


W. A. Geohegan (M’47) department of 
anatomy, Cornell University Medical College 
New York, N. Y., has been appointed chair- 
man of the subcommittee on electronic aids 
to medicine of the AIEE electronics commit- 
tee for 1948-49. 


S. W. Smith (M’47) National Bureau of 
Standards, Washington, D. C., has been 
appointed chairman of the X-ray tubes sub- 


committee of the AIEE electronics committee 
for 1948-49. 


H. C. Steiner (A’32, M’44) electronics 
department, tube division, General Electric 
Company, Schenectady, N. Y., has been 
appointed chairman of the electron tubes 
subcommittee of the AIEE electronics com- 
mittee for 1948-49. 


Thomas Spooner (A’12, F’29) manager, 
engineering laboratories and standards de- 
partment, Westinghouse Electric Corpora- 
tion, East Pittsburgh, Pa.,; has been ap- 
pointed chairman of the electronic standards 
subcommittee of the AIEF electronics com- 
mittee for 1948-49, and of the joint subcom- 
mittee on standard frequency bands and 
designations for 1948-49, 


C. L. Dawes (A’12, M’15, F’35) associate 
professor of electrical engineering, Harvard 
University, Cambridge, Mass., has been ap- 
pointed chairman of the subcommittee on 
definitions of the AIEE instruments and mea- 
surements committee for 1948-49, 


F. C. Doble (A’12, F’47) president and 
general manager, Doble Engineering Com- 
pany, Medford Hillside, Mass., has been 
appointed chairman of the subcommittee on 
electrical tests on dielectrics in the field of the 
AIEE instruments and measurements com- 
mittee for 1948-49. 


F, J. Gaffney (A’37) chief engineer, Poly- 
technic Research and Development Com- 
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pany,’s doklyn, N. Y., has been appointed 
chairmati of the subcommittee on high-fre- 
quency measurements of the AIEE instru- 
ments and measurements committee for 
1948-49. ; 


A. B. Craig (A’27, M’33) head, meter sec- 
tion, transmission and distribution depart- 
ment, Boston (Mass.) Edison Company, has 
been appointed chairman of the subcom- 
mittee on marking of varmeters and related 
instruments of the AIEE instruments and 
measurements committee for 1948-49. 


F. B. Silsbee (A’13, M’26, F’42) chief, 
electrical instruments section, National 
Bureau of Standards, Washington, D. C., has 
been appointed chairman of the subcommit- 
tee on master test code for resistance measure- 
ments of the AIEE instruments and measure- 
ments committee for 1948-49. 


R. W. Jones (A’38, M’45) department of 
electrical engineering, Northwestern Univer- 
sity, Evanston, IIl., has been appointed chair- 
man of bibliography subcommittee of the 
AIEE industrial control committee for 1948— 
49. 


H. L. Palmer (A’42) engineer, industrial 
electronics, General Electric Company, 
Schenectady, N. Y., has been appointed 
chairman of the electronic contro] subcom- 
mittee of the AIEE industrial contro] com- 
mittee for 1948-49. 


G. W. Heumann (A’44, M °46) industrial 
control engineer, General Electric Com- 
pany, Schenectady, N. Y., has been ap- 
pointed chairman of the Standards subcom- 
mittee of the AIEE industrial control com- 
mittee for 1948-49. 


C. T. Evans (A’11, M’20, F*47, member 
for life) development engineer, Cutler- 
Hammer, Inc., Milwaukee, Wis., has been 
appointed chairman of the test codes sub- 
committee of the AIEE industrial control 
committee for 1948-49. 


B. F. Thomas, Jr., (A’14, M °29) chief elec- 
trical and mechanical engineer, Moran, 
Proctor, Freeman and Meuser, consulting 
engineers, New York, N. Y., has been ap- 
pointed chairman of the subcommittee on 
interior wiring design for commercial build- 
ings of the AIEE industrial power systems 
committee for 1948-49, 


John Grotzinger (A’24, M’44) manager, 
electrical engineering division, Goodyear 
Tire and Rubber Company, Akron; Ohio, 
has been appointed chairman of the subcom- 
mittee on revision of electric power distribu- 
tion for industrial plants of the AIEE indus- 
trial power systems committee for 1948-49, 


H. G. Barnett (A 33, M41) central station 
engineer, Westinghouse Electric Corpora- 
tion, East Pittsburgh, Pa., has been appointed 
chairman of the transformer voltage ratios 
subcommittee of the AIEE industrial power 
systems committee for 1948-49. 


T. B. Montgomery (A’36, M’41) electrical 
department, Allis-Chalmers Manufacturing 
Company, West Allis, Wis., has been ap- 
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pointed chairman of the metal indstxis sub- 
committee of the AIEE mining ang, metal 
industry committee for 1948-49. 


A. C. Muir (A’25, M’39) electrical en- 
gineer, Berwind-White Coal Mining Com- 
pany, Philadelphia, Pa., has been appointed 
chairman of the mining subcommittee of the 
AIEE mining and metal industry committee 
for 1948-49. 


M. G. Malti (A’24, M ’45) professor of elec- 
trical engineering, Cornell University, Ithaca, 
N. Y., has been appointed chairman of the 
applied mathematics subcommittee of the 
AIEE basic sciences committee for 1948-49. 


J. G. Brainerd (M’39) professor, Moore 
school of electrical engineering, University of 
Pennsylvania, Philadelphia, Pa., has been 
‘appointed chairman of the electric circuit 
theory subcommittee of the AIEE basic 
sciences committee for 1948-49. 


W.A. Lewis, Jr., (A ’27, F’45) consultant in 
electrical engineering, Armour Research 
Foundation, Illinois Institute of Technology, 
Chicago, has been appointed chairman of 
the energy sources subcommittee of the AIEE 
basic sciences committee for 1948-49. 


J. A. Becker (F ’43) research physicist, Bell 
Telephone Laboratories, Inc., Murray Hill, 
N. J., has been appointed chairman of the 
electrical properties of solids subcommittee 
of the AIEE basic sciences committee for 
1948-49. 


T. D. Yensen (A ’09, M ’23, member for life) 
manager, magnetic department, research 
laboratory, Westinghouse Research Labora- 
tories, East Pittsburgh, Pa., has been ap- 
pointed chairman of the subcommittee on 
magnetics of the AIEE basic sciences com- 
mittee for 1948-49. 


G. H. Gray (A’12, M’29) transmission 
engineer, general technical department, 
International Telephone and Telegraph 
Corporation, New York, N. Y., has been 
appointed chairman of the communications 
standards subcommittee of the AIEE com- 
munication committee for 1948-49. 


A. J. Busch (A’24, M’30) member of the 
technical staff, Bell Telephone Laboratories, 
Inc., New York, N. Y., has been appointed 
chairman of the communication switching 
systems subcommittee of the AIEE communi- 
cation committee for 1948-49. 


H. A. Affel (A’18, M’23, F’41) director, 
transmission development department, Bell 
Telephone Laboratories, New York, N. Xe 
has been appointed chairman of the wire 
communications systems subcommittee of the 
AIEE communication committee for 1948— 
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E. G. Ports (A’26, M’34, F’46) assistant 
manager and chief engineer, radio equip- 
ment division, Federal Telephone and Radio 
Corporation, Newark, N. J., has been ap- 
pointed chairman of the radio communica- 
tion systems subcommittee of the AIEE com- 
munication committee for 1948-49. 
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S. C. Spielman (A’48) Philco Radio Corpora- 
tion, Philadelphia, Pa., has been appointed 
chairman of the home radio receivers sub- 
committee of the AITEE communication 
committee for 1948-49. 


F, M. Rives (M ’41) General Electric Com- 
pany, Syracuse, N. Y., has been appointed 
chairman of the power line carrier systems 
subcommittee of the AIEE communication 
committee for 1948-49. 


R. E. Shelby (A’36, M’44) development 
engineer, National Broadcasting Company, 
New York, N. Y., has been appointed chair- 
man of the radiobroadcasting systems sub- 
committee of the AIEE communication com- 
mittee for 1948-49. 


G. H. Fiedler (M ’47) Rochester (N. Y.) Gas 
and Electric Company, has beén appointed 
chairman of the sheaths and coverings sub- 
committee of the AIEE insulated conductor 
committee for 1948-49, 


L. I. Komives (A’41, M’43) electrical 
engineer, Detroit (Mich.) Edison Company, 
has been appointed chairman of the cable 
supply systems subcommittee of the AIEE 
insulated conductor committee for 1948-49. 


G. T. Koger (M °47) General Electric Com- 
pany, Bridgeport, Conn., has been appointed 
chairman of the utilization wiring systems 
subcommittee of the AIEE insulated conduc- 
tor committee for 1948-49. 


W. T.. Peirce (A’32, M’35) chief cable 
engineer, American Steel and Wire Com- 
pany, Worcester, Mass., has been appointed 
chairman of the special purpose cables sub- 
committee of the AIEE insulated conductor 
committee for 1948-49. 


M. W. Ghen (A’26, M’39, F’48) superin- 
tendent of operations, downtown division, 
distribution department, Duquesne Light 
Company, Pittsburgh, Pa., has been ap- 
pointed chairman of the accessories subcom- 
mittee of the AIEE insulated conductor com- 
mittee for 1948-49. 


R. S. Peterson (M’38) line installation 
engineer, Commonwealth Edison Company, 
Chicago, IIl., has been appointed chairman 
of the structures subcommittee of the ATEE 
insulated conductor committee for 1948-49, 


Gordon Thompson (A’12, F’46) chief en- 
gineer, Electrical Testing Laboratories, Inc., 
New York, N. Y., has been appointed chair- 
man of the tests and measurements subcom- 
mittee of the AIEE insulated conductor com- 
mittee for 1948-49. 


OBITUARY 


Donald B. Hoseason (A ’22, M ’28) director 
of studies at the Administrative Staff College, 
Henley-on-Thames, England, died July 16, 
1948. Mr. Hoseason was born in Leek, 
England, January 27, 1899, and received his 


Institute Activities 


technical training at the Municipal College 
of Technology, Manchester, England. He 
served his technical apprenticeship with the 
British Westinghouse Company, Ltd., from 
1915 to 1920, and then joined the Metro- 
politan-Vickers Electrical Company as a 
designer of single and multiphase induction 
motors at the Trafford Park Works, Man- 
chester, England. In 1922, Mr. Hoseason 
was appointed as advisory engineer and 
during the time he held that position, he 
developed several special rotating machines 
including the double-squirrel-cage motor, 
high-frequency converters, and phase ad- 
vancers. He was made engineer in charge 
of motor development of the Metropolitan- 
Vickers Company in 1925, and after 1928, 
held the office of chief engineer. Recently, 
and until his death, Mr. Hoseason was in 
technical education. 


Charles Callaway Wilson (M 43) assistant 
to the secretary of the AIEE at Institute 
headquarters, New York, N. Y., died August 
12, 1948, at his home in Mount Vernon, 
N. Y. Mr. Wilson was born in Pueblo, 
Colo., on July 31, 1912. In 1933 he was 
graduated from Trinity College at Hartford, 
Conn., with a bachelor of science degree in 
engineering, and in 1935 he received a 
bachelor of science degree in electrical 
engineering from the Massachusetts In- 
stitute of Technology. In the latter year 
Mr. Wilson entered the employ of the Ward 
Leonard Electric Company, Mount Vernon, 
and was named electrical design engineer 
in 1937. In 1942 he was placed in charge 
of the design section of the engineering de- 
partment and in this position supervised 
development on electric motor control appa- 
ratus for the United States Navy. He joined 
the AIEE headquarters staff as assistant to 
the secretary in 1946 to assist the technical 
committees. Mr. Wilson was a member of 
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Tudor Conway James (A’18, M’18) 
formerly system engineer in the municipal 
department of the Hydro-Electric Power 
Company of Ontario, Toronto, Canada, 
died at his home on July 3, 1948. Born 
June 24, 1880 at Sherbrooke, Quebec, 
Canada, Mr. James received his technical 
electrical training at the Bliss Electrical 
School, Washington, D. C. He served as 
electrical engineer with the Michigan and 
Lake Superior Power Company at their 
Sault Sainte Marie, Mich., plant in 1902, 
and in 1904 became superintendent of the 
Fox River Valley Gas and Electric Company 
in Wisconsin. Between 1905 and 1907, 
Mr. James was employed by both the Ontario 
Power Company at Niagara Falls, Canada, 
and the Bullock factory at Montreal of the 
Allis-Chalmers Company. In 1908, he 
joined the Toronto Hydro-Electric System 
as the superintendent of overhead construc- 
tion and in 1912 was appointed Toronto 
district engineer for the Hydro-Electric 
Power Commission of Ontario. While on 
the commission staff, he was in charge of 
their Northern Ontario Properties, and the 
Georgian Bay and Thunder Bay systems. 
In this capacity, Mr. James was largely 
responsible for the growth of the hydro- 
electric load carried to the mining areas of 
northern Ontario. 
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Charles J. Holland Moritz (A’02, F’13) 
retired vice-president of the Aluminum 
Corporation of America, died June 27, 
1948. He was born in Saginaw, Mich., 
in 1876. Upon receiving his degree in 
electrical engineering from the University of 
Michigan in 1897, Mr. Moritz became 
assistant engineer for the Valley Telephone 
Company in the Saginaw and Bay City 
areas of Michigan. After working as 
assistant engineer for the T. Pringle and Son 
Company of Montreal on their Shawinigan 
Falls development for two years, Mr. Moritz 
joined the Pittsburgh Reduction Company 
at Niagara Falls, N. Y. in 1901, and by 
1907 had risen from construction engineer 
to superintendent in charge of carbon plant 
construction. He became superintendent 
for the erection and operation of reduction 
buildings and rolling mills at the Niagara 
works of the Aluminum Corporation of 
America in 1907, and it was while in this 
position that Mr. Moritz helped Charles 
Martin ‘Hall perfect his method for extract- 
ing aluminum from bauxite ore. He 
became general superintendent of Alcoa’s 
entire reduction system in 1912, and was 
elected a vice-president of the company in 
1918. He retired from active service in 
1931, and since then had been living in 
Buffalo, N. Y. 


John E. Lawson (A’22) president of the 
Canadian Niagara Power Company, Ltd., 
Niagara Falls, Ontario, Canada, died July 
23, 1948. He was born in Clinton, N. Y., 
on August 1, 1881, and took his technical 
training in the fields of electric lighting and 
railways. His early work in the electric 
power field was with the General Electric 
Company at Schenectady, N. Y., and in 
1905, he joined the company which he later 
headed. Starting as an assistant electrician, 
he performed various duties until 1915, 
when he became chief operator at the com- 
pany’s hydroelectric power station. In 
1921, he was named superintendent of the 
plant, a positon he held until being named 
a vice-president in 1933. Later that same 
year he also was named a director, and on 
March 20, 1946, he became president of the 
company. Mr. Lawson was also a member 
of the executive and managers’ committees 
of the Canadian Electrical Association, and 
early in 1948 was made president of the 
Electrical Employers Association of Ontario. 
He was a director of the Ontario Associated 
Boards of Trade and Chamber of Commerce 
and a member of the professional engineers 
of the Province of Ontario. 


Raymond Guy Littler (M 44) former 
owner and manager of the West Coast 
Engineering Company, Portland, Oreg., 
died in May. Born December 15, 1881, 
in Jonesboro, Ind., he entered the electri- 
cal field in 1899 with the Albany (Oreg.) 
Electric Light and Power Company. In 
1900 he began a period of four years of 
electrical engineering work in Portland, 
and in 1905 he organized his own busi- 
ness, The West Coast Engineering Com- 
pany, Portland, an electrical engineering and 
construction firm. In 1941, due to the 
difficulty of obtaining materials for private 
electrical construction work, Mr. Littler 
accepted a position in the defense project as 
chief electrical engineer under the firm of 
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Stevens and Koon. He was connected with 
construction of the Umatilla Ordnance 
Depot at Hermiston, Oreg., a $25,000,000 
project. Following completion of this pro- 
ject in 1942, Mr. Littler joined the Kaiser 
Company, Inc., Portland, as chief electrical 
engineer. He was concerned with the build- 
ing of the complete power layout of the 
Kaiser Shipbuilding plant on Swan Island, 
Portland. He was also chief electrical engi- 
neer on marine works on shipbuilding. He 
previously was a member of the Institute 
from 1911 to 1935. 


MEMBERSHIP ee 


Applications for Election 


Applications have been received at headquarters from 
the following candidates for election to membership in 
the Institute. Any member objecting to the election 
of any of these candidates should so inform the secretary 
before October 21, 1948, or December 21, 1948, if the 
applicant resides outside of the United States, Canada, 
or Mexico. 


To Grade of Fellow 


Israel, D. D., Emerson Radio & Phonograph Corp., 
New York, N. Y. 
Metcalf, G. F., General Elec. Co., Syracuse, N. Y. 


2 to grade of Fellow 


To Grade of Member 


Bailey, F. T., Westinghouse Elec. Corp., Buftalo, N. Y. 

Benson, E. A., U. S. Bureau of Reclamation, Parker 
Dam, Calif. 

Chamberlin, J. R., Jr., I-T-E Circuit Breaker Co., 
New York, N. Y. 

Clavier, A. G., Federal Telecommunication Labs., Inc., 
New York, N. Y. 

Davis, D. A., Cannon Elec. Development Co., Los 
Angeles, Calif. 

Desbarats, G. H., Dept. Natural Resources, St. Johns, 
Newfoundland 

Dossor, F., Elec. Cdr.R.N., British Joint Services Mis- 
sion, Washington, D. C. 

Downey, J. J., The Zia Co., Los Alamos, New Mexico 

Fairchild, R. B., A. T. & T. Co., Philadelphia, Pa. 

Guevara, E. J., Trinidad & Tobago Elec. Commission, 
Trinidad, British West Indies 

Hall, F. L., Public Works, Hdqtrs. 13th Naval District, 
Seattle, Wash. 

Hawley, D. C., Kansas City Power & Light Co., Kansas 
City, Mo. 

Johannsen, K. L., Carnegie-Illinois Steel Corp., Du- 
quesne, Pa. 

Kasher, R. J., Line Material Co., Omaha, Nebr. 

Liebermann, Je» John Morris Electrical Eng. Co., Ltd., 
Bilston, Staffs, England 

Loizides, N., Hellenic Co. of Chemical Products & 
Manures, Nicosia, Cyprus 

Master, G. F., Allen-Bradley Co., Detroit, Mich. 

O’Keefe, R. J., H. K. Ferguson Co., Houston, Tex. 

coils ae V. P., Beam Wireless Station, Yeravda, Poona, 

ndia 

Phillips, H. W., Jr., Penna.-New Jersey Interconnection, 
Philadelphia, Pa. 

Week. Hh x U. S. Naval Ordnance Plant, Indianapo- 
is, Ind. 

yes R. B., Mississippi Power & Light Co., Jackson, 

iss, 
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To Grade of Associate 


United States, Canada, and Mexico 


1. Norra Eastern 


Deneen, G. E., General Elec. Co., Pittsfield, Mass. 
Donnell, H. P., Eastman Kodak Co., Rochester, N. Y. 
Gatzert, E. H., Stromberg Carlson Co., Rochester, N. Y. 
Grover, N. J., Westinghouse Elec., Boston, Mass. 

pa ett R., Intl. Business Machines Co,, Endicott, 


Huboi, R. W., Eastman Kodak Co., Rochester, N. Y. 

Ihle, D. M., General Elec. Co., West Lynn, Mass. 

Meader, R. B., New England Tel. & Tel. Co., Boston, 
Mass. 

Summers, E. W., Westinghouse Elec. Corp., Buffalo, 

wa «CN. Y. 


2. Mrppie Eastern 


Blum, S., Curtiss-Wright Corp., Columbus, Ohio 

Boyer, R: W., Ohmer Corp., Dayton, Ohio 

Demarest, D. M., Locke, Inc., Baltimore, Md. 

Dickinson, C, J., I-T-E Circuit Breaker Co., Philadel- 
phia, Pa, 

Salinas, B. R., Gilbert Associates, Inc., Reading, Pa. 

Tobe, S. S., U. S. Naval Base, Philadelphia, Pa. 

Weir, E. V., Naval Ordnance Lab., Washington, D. C. 


Institute Activities 


3. New Yorx Ciry 
Coppage, L. F., The Kellex Corp., New York, N. Y. 


Cozier, J. R., The Imperial Elec. Co., New York, N. Y. 
Reigle, General Elec. Co., Trenton, N. J. 
Stone, W. A., Rambusch Dec. Co., New York, N. Y. 


Taylor, J. A., Sperry Gyroscope Co., Great Neck, N. Y. 


4. SouTHERN 

Bailey, J. N., Jr., Buzzards Roost Power Plant, Green- 

Bird, I F.S., The California Co., New Orleans, La. 

Cannon, M. K., Jr. (re-election), General Elec. Co., 
Charlotte, N. C. 

Giles, E. S., Clemson College, Clemson, S. G: 

Johnson, T. C., Delta Electrical School, New Orleans, 


La. 
Oliphant, G. W., Carbide & Carbon Chemical Co., 
Oak Ridge, Tenn. 
Scott, J. R., Virginia Elec. & Power Co., Norfolk, Va. 
Sosnowski, S. J., Jr. Carbide & Carbon Chemicals 


Corp., Oak Ridge, Tenn. y ; 

Tichenor, FE. H., Kentucky Inspection Bureau, Louis- 
ville, Ky. . 

Tuttle, J. S., Carbide & Carbon Chemicals Corp., Oak 
Ridge, Tenn. f 

Wilkins, E. W., Tenn. Valley Authority, Chattanooga, 
Te 


nn. 
Wilson, J., Tenn. Valley Authority, Knoxville, Tenn. 


5. Great LAKES 


Ailara, R. C., Commonwealth Edison Co., Chicago, Ill» 
Brainin, S. M., Chicago Technical College, Chicago, Ill. 
Carson, L. H., Northwestern Univ., Evanston, IIl. 
Genda, P., Commonwealth Edison Co., Pekin, Ill. 
Knight, R. L., Veterans Administration Branch #8, 
St. Paul, Minn. 3 
Kottemann, W. C., Illinois Bell Tel. Co., Chicago, Ill. 
North, J. C., Western Elec. Co., Inc., Chicago, Ill 
Storey, W. G., Kellogg Switchboard & Supply Co., 
Ghteaco, Il. 
Uhl, L. T., Eureka Williams Corp., Bloomington, Ill. 


7. Sourn West 


Ballve, M. J., Sociedad Mexicana de Credito Industrial, 
S. A. Mexico, Federal District, Mexico t 

Bohme, E., Articulo 123 No. 22-Desp. 213, Mexico, 
Federal District, Mexico fe 

Cabrera P, I. D. J., Instito Mexicano D. F. Illuminacion, 
Mexico City, Mexico : 

Canales, P. M., Mexican Light & Power Co., Mexico, 
Federal District, Mexico 

Chism, J. H., Dallas Power & Light Co., Dallas, Tex. 

Cortina B., G., Industria Electrica de Mexico, Mexico, 
Federal District, Mexico 

Dobbins, F. E., Black & Veatch, Consulting Engrs., 
Kansas City, Mo. 

Heiligmann, G., V., Mexican Light & Power Co., 
Mexico City, Mexico 

Heuer, E. A., Articulo 123 No. 22-Desp. 213, Mexico, 
Federal District, Mexico 

Kirkwood, T. C., A: C. Kirkwood & Assoc., Kansas 
City, Mo. 

Lerch G., R. Gorman & Castro, S. A., Mexico, Federal 
District, Mexico 

Saldana, L., Altos Hornos de Mexico, S. A., Monclova 
Coah, Mexico 

Stenis, T. B., Texas Technological College, Lubbock, 
vy 


ex. 

Tapie, G., P., Comision Federal de Electricidad, Mexico, 
Federal District, Mexico 

Wilson, J. H., Emerson Elec. Mfg., St. Louis, Mo. 


8. PaciFic 


Cook, A. L., Northrop Aircraft Co., Hawthorne, Calif. 

Gally, S. K., Southern California Gas Co., Los Angeles, 
Calif. 

Harger, V. R., Jr., U. S. Naval Ordnance, Pasadena, 
Calif. 


McAlister, R. P., Cannon Elec. Development Co., 
Los Angeles, Calif. 

Parker, W. H., Jr., U. S. Bureau of Reclamation, 
Phoenix, Ariz. 

Willis, J. L., City of Mesa, Mesa, Ariz. 


9. Norra West 
Arnold, E. F., Portland General Elec. Co., Portland, 


Oreg. 
Mason, H. C., Fir Mfg. Co., Myrtle Creek, Oreg. 
Tribble, L. B., General Elec. Supply Corp., Butte, Mont. 
Viehmann, E. G., Montana Power Co., Butte, Mont. 


10. CANADA 


Duffy, F. H., Aluminum Co. of Canada, Shipshaw, 
Quebec, Canada 


Elsewhere 


Chang, H.-C., Central Elec. Corp. of China, Hsiangtan, 
unan, China - 

Dattatraya, M. P., c/o The Associated Cement Cos. 
Ltd., Bombay, India 

Fairey, A. R. (re-election), Fairey Electrical & Eng. Co., 
Co., Ltd., Auckland, New Zealand 

Miranda, I. M., The Ahmedabad Electricity Co., Ltd., 
Ahmedabad, India 

Ramabhadran, S., Thomson College of Engineering, 
Roorkee, U. P., India 

Sarkar, N., University College of Science & Technology, 
Calcutta, India 

Scott, M. R., Electo-Mecanica Paulista S./A., Sao 
Paulo, Brazil, South America 

Sen, G. S., Government of West Bengal, Calcutta, India 

Sobti, R. L., Metal & Steel Factory, Ishapore, West 
Bengal, India 

Varma, G. K. R., Hydel, P. W. D., Muhammadpur 
Falls, Dist. Saharanpur, U. P., India 

Total to grade of Associate 

United States, Canada, and Mexico, 68 
Elsewhere, 10 
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Program Plans Completed for 


National Electronics Conference 


Final plans have been completed for the 
1948 National Electronics Conference which 
will be held at the Edgewater Beach Hotel, 
Chicago, IIl., November 4-6, 1948. <A 
comprehensive technical program has been 
arranged covering such major fields of inter- 
est as new materials, sound measurement 
and recording, servomechanisms, electronic 
instrumentation, communications, new tube 
developments, microwaves, television, com- 
putors, industrial applications, management 
of research, electronic circuits, and magnetic 
amplifiers and antennas. A list of the tech- 
nical papers to be presented is given in the 
following. Further information concerning 
the conference may be obtained from Doctor 
R. R. Buss, Secretary, care of Electrical 
Engineering Department, Northwestern Uni- 
versity, Evanston, IIl. 


THURSDAY, NOVEMBER 4 


9:00 a.m. Registration 
Edgewater Beach Hotel, Chicago 


10:00 a.m. Technical Sessions 


* 1. New Materials 


(a). Properties of CbN at Radio Frequencies, J. V. 
Lebacqz, Donald H. Andrews, Johns Hopkins Uni- 
versity 

(6). Development and Properties of Some Ceramic 
Dielectrics, G. R. Shelton, E. N. Bunting, A. S. 
Creamer, National Bureau of Standards 

(c). The Transistor—Its Properties and Characteristics, 
Walter H. Brattain, Bell Telephone Laboratories 


2. Sound Measurement—Recording 

(a). Application of Miniature-Circuit Techniques to 
the Sound Level Meter, H. H. Scott, Hermon Hosmer 
Scott, Inc. 

(6). An Evaluation of the Application of New and Old 
Techniques to the Improvement of Magnetic Recording 
Systems, Lynn C. Holmes, Stromberg-Carlson Company 
(c). Magnetic Records for Home Entertainment, 
Marvin Camras, Armour Research Foundation of 
Illinois Institute of Technology 


3. Servomechanisms 


(a). Electronic Circuits for Control of Clutch-Type 
Servomechanisms, F, E. Edwards, Jr., Buehler and 
Company 

(6). Signal Generators for Servo System Measure- 
ments, Charles F, White, Naval Research Laboratory 


(c). Evaluating Servomechanisms Performance, 
George M. Attura, Servomechanisms, Inc. 

12:15 p.m. 
Speaker: Doctor Anton J. Carlson, professor emeritus, 


department of physiology, University of Chicago; 
“Science, Industry, and the Future of Man” 


Luncheon Meeting 


2:00 p.m. Technical Sessions 
4, Communications 
(a). Corona Interference with Radio Reception in 


Aircraft, M. M. Newman, Lightning and Transients 
Research Institute 

(6). The Effect of Air Speed Upon Precipitation 
Charging of an Airplane, Homer J. Dana, Washington 
State College 

(c). Extraction of Weak Signals from Noise by Inte- 
gration, Harry Stockman, Cambridge Field Station 
(d). Optimum Selectivity in Superregenerators, Donald 
Richman, Hazeltine Electronics Corporation 

(e). Terminal Equipment for Pulse-Time Multiplex, 
A. M. Levine, D. D. Grieg, Federal Telecommunication 
Laboratories, Inc. 


5. Electronic Instrumentation—I 
(a). A Square-Law Power-Level Recorder, W. R. 
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Clarke, A. J. Williams, Jr., Leeds’ and Northrup; 
W. R. Turner, Naval Ordnance Laboratory 

(6). The Development of a High-Speed Recording 
Anemometer, John M. Cage, Purdue University 

(c). A Precision Electronic pH Control, J. E. Breeze, 
National Research Council, Canada 

(d). Electronic Methods for Measurement of Pressure 
and Displacement, A, Crossley, D. L. Elam, Electro 
Products Laboratories, Inc. 

(e). Application of a D-C Negative Feedback Amplifier 
to Compensate for the Thermal Lag of a Hot-Wire 


Anemometer, Philip G. Hubbard, State University of 
Iowa 


6. New Tube Developments 


(a). Alkali-Metal Alloys for Cathodes of Power Elec- 
tronic Tubes, J. A. M. Lyon, Northwestern University ; 
C. E, Williams, Standard Oil Company of Indiana 

(6). Mass Production Techniques for Television Kine- 
scopes, D. Y. Smith, Radio Corporaton of America 
(c). The Surge Testing of High Vacuum Tubes, H. J. 
Dailey, Westinghouse Electric Corporation 

(d). A New Subminiature Electrometer Tube, H. F. 
Starke, Raytheon Manufacturing Company 


(e). Design Considerations for Dual Control Grid 
Pentode, Roger W. Slinkman, Sylvania Electric Prod- 
ucts, Inc. 


7:00 p.m. Banquet 


Marine Dining Room 


Edgewater Beach floor show and dancing (women 
cordially invited; informal) 


INTEREST 


FRIDAY, NOVEMBER 5 


9:00 a.m. Technical Sessions 

7. Microwaves 

(2). The Dyotron Tube as a Very-High-Frequency 
Oscillator, R. A, Dehn, General Electric Company 

(6). A New Type of Slotted Line Section, W. Bruce 
Wholey, W. Noel Eldred, Hewlett-Packard Company 
(c). Microwave Slotted Sections, Stanley A. Johnson, 
Polytechnic Research and Development Company 

(d). Tunable Waveguide Cavity Resonators for Broad- 
band Operation of Reflex Klystrons, W. W. Harman, 
Stanford University 

(e). A Periodic Waveguide Traveling Wave Amplifier 
for Medium Powers at Microwaves, G. C. Dewey, 
Federal Telecommunication Laboratories, Inc. 


8. Analysis Aids—Computers 

(a). Root-Solver for Tenth Degree Algebraic Equa- 
tions, G. H. Singer, Jr., J. F. Calvert, Northwestern 
University 

(6). Analysis of Rototrol Voltage Regulators by Elec- 
trical Analogy, James T. Carleton, Westinghouse 
Electric Corporation 

(c). A Polar Vector Indicator, A. H. Waynick, P. G. 
Sulzer, E. A. Walker, Pennsylvania State College 

(d). Automatic Number Storage System, T. Kite 
Sharples, Technitrol Engineering Company, Inc. 

(ec). Design and Operation of the IBM Selective Se- 
quence Electronic Calculator, Robert Rex Seeber, Jr., 
International Business Machines Corp. 


9. Industrial Applications 


(a). Precision Photoelectric Control of High-Tempera- 
ture Furnaces, F. C. Todd, Battelle Memorial Institute 


(b). The Application of Radar Techniques to a System 
for High-Speed X-Ray Movies, D. Dickson, C. Zavales, 
L. F. Ehrke, Westinghouse Electric Corporation 


(c). CRT Applications in Photography and Optics, 


Buffalo to Get 277-Ton Generator 


A 277-ton hydrogen-cooled Westinghouse generator, for the Buffalo, N. Y., area, rated 
at 100,000 kilovolt-amperes, will generate the equivalent of 134,000 horsepower 
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Carl Berkley, Rudolf Feldt, Allen B. DuMont Labora- 


tories 

(2). A 500-50,000-Volt Regulated Power Supply, 
Roy E. Anderson, General Electric Company 

(ce). The Fairchild Electronic Half-tone Engraver, 
John Boyajean, Fairchild Camera and Instrument 
Corporation 


12:15 p.m. Luncheon Meeting 
Speaker: Donald J. Fink, editor-in-chief, Electronics 
magazine; ‘The Decline and Fall of the Free Electron 


2:00 p.m. Technical Sessions 

10. Television 

(a). The Locked Oscillator in Television Reception, 
Kurt Schlesinger, Motorola, Inc. 

(6). Master Television Antenna and Signal Distribu- 
tion Systems for Large Buildings, R. D. Duncan, Jr., 
Radio Corporation of America 

(c). Development of a Large Metal Kinescope for 
Television, J. Kelar, H. P. Steier, C. T. Lattimer, R. 
D. Faulkner, Radio Corporation of America 

(d). Large Screen Television, R. V. Little, Jr., Radio 
Corporation of America 


11. Management of Research 

(a). Organization of Research, C, C. Furnas, Cornell 
Aeronautical Laboratory 

(6). Development of Physical Facilities for Research, 
R. B. Dittmar, Los Alamos Scientific Laboratory 

(c). Personnel Administration in Research and De- 
velopment Organization, C. E. Barthel, Jr., Armour 
Research Foundation of Illinois Institute of Technology 
(d). Information Exchange as a Management Tool in 
a Large Research Organization, Allen H. Schooley, 
United States Naval Research Laboratory 

(e). Research Ideas Go to Market, Waldo H. Kliever, 
Minneapolis-Honeywell Regulator Company 


12. Electronic Circuits 

(a). Response of an Amplifier to a Signal Varying 
Linearly in Frequency, W. H. Hamilton, Westinghouse 
Electric Corporation 

(b). An Extremely Wide Range Electronically Deviable 
Oscillator, Millard E. Ames, Philco Corporation 

(c). An Improved Regenerative Frequency Standard 
Application, F, E. Wyman, Naval Research Laboratory 
(d). Design of a Wide-Band Frequency Discriminator 
Circuit, Vincent C. Rideout, University of Wisconsin 
(e). Circuit Design for Reduction of Hum, Arthur F. 
Dickerson, General Electric Company 


8:00 p.m. 


Large Screen Television, R. V. Little, Jr., Radio Cor- 
poration of America. This is a repeat performance of 
the demonstration in paper 10(d) for those unable to 
attend the earlier demonstration 


Demonstration—Ballroom 


SATURDAY, NOVEMBER 6 


9:00 a.m. Technical Sessions 

13. Magnetic Amplifiers 

(a). An Analysis of Magnetic Amplifiers with Feed~- 
back, D. W. VerPlanck, M. Fishman, Carnegie In- 
stitute of Technology 

(6), Influence of Core Material on Magnetic Amplifier 
Design, A. O. Black, Jr., United States Naval Ordnance 
Laboratory 

(c). An Analysis of Interlinked Electric and Magnetic 
Networks With Application to Magnetic Amplifiers, 
D. W. VerPlanck, M. Fishman, Carnegie Institute of 
Technology 


14. Electronic Instrumentation—II 

(a). An Electronic Power Factor Meter, H. B. Kurtz, 
Paul O. Erickson, State University of Iowa 

(6). A Cathode-Ray Oscillograph with 100-Megacycle 
Bandwidth, M. M. Newman, Lighting and Transients 
Research Institute; P. S. Christaldi, R. P. Feather- 
stone, Allen B. DuMont Laboratories, Inc. 

(c). Absolute Accuracy—Primary Frequency Stand- 
ard, Harry R. Meahl, General Electric Company 

(d). A Low Distortion AM Signal Generator, E. S$, 
Sampson, General Electric Company 

(e). An Electron Tube for Viewing Magnetic Fields, 
S. G. Lutz, S. J. Tetenbaum, New York University 


15. Antennas 

(a). Radio Direction Finding System Analyzer, E. C. 
Jordan, J. J. Myers, University of Illinois 

(6). Open-Ended Waveguide Radiators, R. E. Beam, 
M. M. Astrahan, H. F. Mathis, Northwestern University 
(c). Measurement of Phase of Radiation Around 


Antennas, John N. Hines, Charles H. Boehnker, Ohio 
State University Research Foundation 
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(d). The Measurement of Antenna Impedance Using a 
Receiving Antenna, Donald G. Wilson, University of 


Kansas 
(e). A High-Gain Cloverleaf Antenna, P, H. Smith, 
Bell Telephone Laboratories, Inc. 


G. R. Henninger Named 
Head of IES Publications 


The Illuminating Engineering Society has 
announced the appointment of G. Ross 
Henninger, former editor of ELECT RICAL 
ENGINEERING, as its director of publica- 
tions, effective October 1, 1948. This is a 
further step in the society’s long-range 
planned program of development and exten- 
sion of services to the lighting industry in 
general and to its members in particular. To 
facilitate the development and operation of its 
expanded activities program, the society has 
organized its headquarters staff into three 
correlated departments: general administra- 
tion under Executive Secretary A. Dexter 
Hinckley; technical-committee and re- 
search activities under Technical Director 
CG. L. Crouch; and publications activities 
under Mr. Henninger, 

The Illuminating Engineering Society was 
founded in 1906 for the study, evaluation, and 
discussion of the numerous phases of the art 
and science of illumination and ‘‘for the 
advancement and dissemination of knowl- 
edge relating thereto.”” The technical and 
developmental phases of this work currently 
are being carried on actively throughout the 
lighting industry through the medium of 80 
technical committees. The society has 
grown steadily especially strongly in recent 
years, and now has some 6,500 members who 
participate in its activities through its tech- 
nical and administrative committees and 
through some 40 local sections and chapters 
throughout the United States and Canada. 

With its January 1949 issue, the society’s 
monthly journal, J/luminating Engineering, will 
be enlarged from its traditional 6-by-9-inch 
page size to the nominal 9-by-12-inch size 
class of the other major engineering society 
publications and professional and trade jour- 
nals. Another precedent will be set aside 
with the opening of the pages of this monthly 
journal to advertising pertinent to all phases 
of the lighting industry. 

A broader range of text matter is sched- 
uled to be included in J/luminating Engineering 
with more attention given to the field of 
lighting applications and to the solution of 
the practical problems met with in that field. 
Significant news of the lighting industry will 
be consistently reflected and interpretively 
discussed. It is contemplated that the 
society’s long-established series of Lighting 
Data Sheets will be incorporated as one of 
the feature services of the magazine. Also, 
this monthly journal will continue to serve 
as the society’s Transactions, carrying ap- 
proved technical conference papers and re- 
lated discussion as heretofore, although these 
will be presented in more attractive physical 
form making more effective use of illustra- 
tions. 

In addition to the technical and applica- 
tion information, it also is part of the objec- 
tive of the society’s enlarged program that the 
advertising content progressively will furnish 
additional significant and useful data per- 
tinent to lighting equpment and to related 
materials, supplies, and services. These and 
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other scheduled developments have been 
brought about to meet the expanding 
interests and needs of the society’s steadily 
growing membership. Other members of 
the IES family of publications include the 
progressive series of American Standard 
Lighting Practices and various” Recom- 
mended Practices and various reports cover- 
ing desirable standards of quality and 
quantity for office, school, domestic, com- 
mercial, and industrial illumination; also, 
the IES Lighting Handbook which first was 
issued in 1947, reprinted in 1948, and cur- 
rently planned for revision and reissue about 
1950. 

As its new director of publications, Mr. 
Henninger will correlate these and other 
publications activities, and also will serve as 
editor of Illuminating Engineering, responsible 
for both its business and editorial develop- 
ment. Before coming to the Illuminating 
Engineering Society’s staff, Mr. Henninger 
was for 18 years a member of the head- 
quarters staff of the AIEE in New York, 
N. Y., from 1930 to 1933 as associate editor 
and since 1933 as editor of ELECTRICAL 
ENGINEERING (see Personal Notes section, 
page 1014). 
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UN Conservation Conference 
to Be Held in United States 


United Nations scientific conference on 
the conservation and utilization of resources 
is scheduled to be held in the United States 
in May-June 1949 under the authority of the 
Economic and Social Council of the United 
Nations. This conference represents a new 
approach to one of the objectives of the 
United Nations, the promotion of economic 
development and higher standards of living 
throughout the world, by a free exchange of 
ideas and experience on the conservation 
and utilization of resources. 

In its plenary meetings, comprising ap- 
proximately half of the program, the con- 
ference will examine the contribution of 
improved techniques to the alleviation of 
shortages of fuel and energy, mineral re- 
sources, and food and forest products. A 
series of plenary meetings will be devoted to 
questions of particular importance to under- 
developed countries. 

Specific problems and techniques will be 
placed on the agenda of specialized section 
meetings which form the other half of the 
program. In these meetings, specialists 
will discuss conference papers on subjects 
such as forests, water, fisheries and wildlife, 
fuel and energy, power, mineral resources; 
and the interrelated group of subjects in- 
cluded under soils, crops, grazing, and live- 
stock resources. 

The conference will be scientific rather 
than policy-making. Technical develop- 
ments will be selected for discussion accord- 
ing to the importance of their practical 
contribution, actual and potential, to eco- 
nomic development and will be treated so 
as to interest the economist as well as scien- 
tist, administrator, and engineer. Con- 
ference papers submitted by experts as well 
as summary records of discussions will be 
published after the conference, and it is 
expected that they will be a continuing and 
important contribution of the United Na- 
tions to better conservation and utilization 
of resources, 
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Huge Generator Cast in Two Parts 


Because of its tre- 
mendous size, and 
to facilitate manu- 
facture, it was 
necessary to fabri- 
cate, anneal, and 
machine the frame 
of this 15,000-kw 
turbogenerator in 
two sections. 
Welders in the 
Electric 
turbine shop at 
Schenectady, N. Y., 
are shown here 
joining the two 
15-foot sections 
prior to shipping 
it to its destina- 
tion. A special 
8-axle railroad car 
will carry the 
assembled 
ture’s estimated 
400,000 pounds 


General 


arma- 


ORC Offers Officer Rank 
to Qualified Experts 


Civilians, possessing either professional or 
technical qualifications which are critically 
essential and immediately adaptable to the 
needs of the Army, may get direct appoint- 
ments in the Officers’ Reserve Corps accord- 
ing to a new policy outlined by the Depart- 
ment of the Army. Commissioning of 
specialists is intended to provide a con- 
tinuing source of officers experienced in 
fields in which it is not feasible or economical 
for the Army to give training. The estab- 
lishment of standards under the new policy 
now opens the way for those who previously 
applied for direct commission in specialist 
fields to resubmit their applications. 

Such specialties as electrical engineering, 
artwork, dietetics, dramatics, laundry and 
dry cleaning, various other branches of 
engineering, motion picture production, 
printing, and submarine diving, are included 
in a list of 75 varied fields. Men commis- 
sioned under the program subsequently will 
gain a knowledge of military procedures 
by being required to meet, within a reason- 
able length of time, the minimum military- 
training requirements established to main- 
tain a commission in the grade and section 
in which appointed, and in their mobiliza- 
tion assignment. 

In addition to specific schooling or experi- 
ence in any of the foregoing fields, applicants 
for direct appointments must be at least 
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21 years old, citizens of the United States 
by birth or naturalization, must have an 
Army intelligence score of 110 or higher, 
physically qualified, with some waivers, and 
at least a bachelor’s degree. Some special 
fields require only a high school education 
or equivalent preparatory school education. 

Age maximums and educational or ex- 
perience minimums are: second lieutenants, 
30 years with 4 years college or experience; 
first lieutenants, 33 years with 7 years college 
or experience; captains, 37 years with at 
least 11 years college or experience; majors, 
45 years, with at least 16 years college or 
experience; lieutenant colonels, 51 years, 
with at least 21 years college or experience; 
and colonels, 55 years, with at least 26 years 
college or experience. All correspondence 
should be directed to the headquarters of 
the Army area nearest to the applicant’s 
home. 


UN to Celebrate Anniversary. The United 
Nations General Assembly has set October 
24, 1948, as ‘“‘United Nations Day,” and 
asks that all citizens of all UN participating 
nations use that day to learn what the 
United Nations is and does. Secretary of 
State George C. Marshall has appointed a 
National Citizens Committee to promote 
observance in this country by organizing 
local programs in every state and com- 
munity in the United States. 


Of Current Interest 


Stanford Research Appoints New Heads. 
The expanding Stanford Research Institute, 
Palo Alto, Calif., announces the appoint- 
ment of Ralph A. Krause as director of 
research, and Doctor Abe M. Zarem as 
manager of the new Los Angeles division of 
the institute. Mr. Krause, former assistant 
to the president of the Raytheon Manu- 
facturing Company, Waltham, Mass., was 
a pioneer researcher in electronics, radio, 
and nuclear science. He served as assistant 
director of the Massachusetts Institute of 
Technology’s Laboratory of nuclear science 
and engineering which he helped organize, 
and is a consultant to both the research and 
development board of the department of 
national defense and the Brookhaven Na- 
tional laboratory at Upton, N. Y. Doctor 
Zarem was chief of the electrical section of 
the physical research division at the United 
States Naval Ordnance Test Station at Pasa- 
dena, Calif., prior to joining the institute’s 
staff. He is an authority on ultrahigh-speed 
photography and measurement techniques 
and is the inventor of the Zarem camera. 
Doctor Zarem’s division will co-ordinate its 
activities with those of the main offices of 
the institute in the current research program 
in such fields as development of radar and 
television equipment, electronics and tele- 
vision communication problems, smog con- 
trol, high-speed photography, and pe- 
troleum chemistry. 


Power Plant Innovations 
to Be Shown at Exposition 


A long list of innovations designed to im- 
prove the performance of power plants is 
assured for the 18th National Exposition of 
Power and Mechanical Engineering, sched- 
uled at Grand Central Palace, New York, 
N. Y., November 29 to December 4, 1948. 
This is made known through the filing of 
plans for their exhibits by a substantial num- 
ber of manufacturers who already have 
contracted for space. 

Among the developments which visitors at 
the exposition will see is a 2,000-horsepower 
fluid drive capable of pumping a million 
pounds of water an hour into a high-pressure 
boiler, and a new type of steam turbine 
centrifugal marine boiler feed pump. An 
improved method of removing tramp iron 
from coal will be demonstrated; while a 
number of engineering improvements have 
improved the performance of a well-known 
spreader stoker. These include an electro- 
hydraulic drive, alternate pusher coal feed, 
and an “incremental” control valve for feed 
regulation. 

With smoke prevention coming into criti- 
cal regard in many communities, there will 
be considerable interest in a new ‘‘Robot- 
Eye” combustion control that automatically 
regulates the fuel-air ratio for smaller and 
medium sized heavy oil-fired boilers, effect- 
ing an efficiency that is said to be compar- 
able with larger plants, yet without the danger 
of forming smoke. With a thought for the 
exigencies of the fuel situation there also will 
be the exhibitor of a package-type steam 
generator who features provision for a quick 
changeover of the “automatic fuels” light 
and heavy oil and gas. 

Other exhibits will include the extension 
of the packaged equipment idea, especially 
adaptable to the needs of smaller industrial 
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plants to compressor units, said to be of * 


special interest to food packers and laundries; 
also a display of ‘“‘the only 2-speed portable 
electric blower manufactured;” as well as a 
brand new portable all-electric steam cleaner, 
especially designed for economical plant 
maintenance. A newly improved condenser 
will be offered by a well-known specialist in 
industrial air conditioning; while a new 
application for synchronous electric timers 
will make its bow in a device that provides 
automatically for the periodic cleaning of 
electrostatic air filters. Of scientific as well 
as economic significance is a recently de- 
veloped method for sterilizing water without 
the aid of either heat or chemicals and with- 
out imparting an unpleasant flavor or odor. 
In the long line of new instruments already 
assured for the exposition are a new pyrom- 
eter; a multiple recorder which traces 
four lines on a chart simultaneously; and 
several newly developed methods of auto- 
matic pH control. 


Magnetic Tape Standards 
Ready for Approval 


Early adoption of standards for magnetic 
recording was foreseen by the National 
Association of Broadcasters’ recording and 
reproducing standards committee, with an- 
nouncement of a final project group proposal 
of three recording speeds for magnetic tape. 
The proposal, formulated by a project group 
of the NAB committee, will be submitted to 
the full committee, whose chairman is Royal 
V. Howard (M 46) NAB engineering depart- 
ment director. 

The group’s proposal involves adoption of 
a primary standard magnetic tape speed of 
15 inches per second, a secondary standard of 
7.5 inches per second, and a supplemental 
standard of 30 inches per second, it was an- 
nounced. The 7.5-inch speed corresponds 
to the Radio Manufacturers Association’s 
recently proposed velocity for home record- 
ings. The 30-inch supplemental speed will 
correspond to the speed of various American 
machines now in production and also to the 
European standard 77-millimeter (30.318 
inches) established by the German magneto- 
phone. The committee agreed that the 30- 
inch speed normally would be used only for 
processing and other specialized work and 
generally would have little employment in 
regular routine. 

The group unanimously agreed that the 
primary speed of 15 inches would meet the 
NAB frequency-response characteristics mini- 
mum specifications from 50 to 15,000 cycles. 
The group pointed out that with the present 
state of the art this response was difficult to 
obtain, but that with advancing knowledge 
this speed should provide sufficient margin to 
justify its adoption. The proposed second- 
ary standard of 7.5 inches would meet the 
NAB all-industry engineering planning 
group’s specifications for a frequency response 
of 50 to 7,500 cycles per second. The 30- 
inch supplemental speed would meet all 
wide-range standards. 

The magnetic recording group discussed 
the British Broadcasting Corporation’s pro- 
posed standard of 77 millimeters and decided 
that the American standard 30-inch speed 
did not constitute a serious differential and 
therefore would permit the interchange of 
programs. The committee concluded that 
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the small area of differences between the other 
American and Continental proposals could 
be resolved. In other standards the com- 
mittee previously had recommended the 
width of the tape should be 0.250 plus 0 
minus 0.006 inch in width and, while not 
setting a minimum thickness, the tape speci- 
fications were not to exceed 0.0022 inch. 
The committee also agreed that the mini- 
mum playing time per reel should be 33 
minutes. Noise level was set at at least 40 
decibels below peak signal level. Zero 
decibel level was set at 2 per cent distortion. 

It is expected that these magnetic record- 
ing standards will be ready for submission to 
the NAB board of directors for final adoption 
at the regularly scheduled November meet- 
ing. 


OTS Releases New Reports. The Office of 
Technical Services of the Department of 
Commerce has authorized the release of the 
following three items: First, a 29-page 
bibliography which includes 425 American 
and 98 British reports on atomic energy 
that have been declassified and released 
through February 1948. Mimeographed 
copies are available for 75 cents. Second, 
is the final report on American wartime 
research on point contact rectifiers made 
from germanium tin compositions for use as 
second detectors and d-c restorers in wide 
band radar receivers. Photostatic copies 
of the report sell for $7 and microfilm copies 
are $2.50. Last is the fourth foreign patent 
protection program list. The list contains 
61 cases never brought to public attention 
before, plus a collection of patent applica- 
tions of American discoveries in radar and 
ultrahigh-frequency electronics. This list 
is available from the department. Orders 
for all reports and lists should be addressed 
to the Office of Technical Services, Depart- 
ment of Commerce, Washington 25, D. C., 
and should be accompanied by check or 
money order for the amount specified, 
payable to the Treasurer of the United 
States. 


Hodge of Stevens Institute Dies. Doctor 
Percy Hodge, professor of physics at Stevens 
Institute of Technology, Hoboken, N. J., for 
27 years and professor-emeritus since 1938, 
died at the age of 78, August 4, 1948, follow- 
ing a long illness. Born at Hudson, Ohio, 
he received his bachelor of arts degree from 
Western Reserve University in 1892; his 
bachelor of science degree from the Case 
School of Applied Science in 1894; and his 
doctor of philosophy degree from Cornell 
University in 1908. In 1910, he became an 
assistant professor at Columbia University, 
and one year later joined the faculty at 
Stevens as head of the physics department. 
He was a member of both the Physical and 
Optical Societies. 


ESPS Appoints New Chicago Manager. 
Joseph R. Decker, former chief of training 
facilities with the Veterans Administration, 
has been appointed manager of the Chicago 
office of the Engineering Societies Personnel 
Service, Inc. He will succeed Thomas Wil- 
son who is retiring after 16 years. 


Of Current Interest 


GE Develops Magnetron Tube. A new 
high-power magnetron tube, with a con- 
tinuous wave output of 50,000 watts at a 
frequency of one billion cycles per second, 
has been developed for the United States 
Signal Corps by the General Electric re- 
search laboratory. This tube’s output rep- 
resents the greatest continuous wave power 
ever produced at the billion-cycle frequency 
according to General Electric scientists. 
The tube itself is water-cooled but, unlike 
most conventional vacuum tubes which 
require an external source of electric power 
for cathode heating, it obtains the necessary 
heat by secondary emission within the tube 


oe 
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itself created by the high velocity of the | 


emitted electrons. 
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Lincoln Foundation Announces 
1948-49 Scholarship Program 


The trustees of The James F. Lincoln Arc 
Welding Foundation have announced Sep- 
tember 15, 1948, to April 1, 1949, as the 
period for submitting entries in its annual 
engineering undergraduate award and 
scholarship program. ‘The current competi- 
tion is the second in a 10-year series of pro- 
grams which offer to engineering under- 
graduates (including agricultural engineers) 
the opportunity to compete in the prepara- 
tion of papers on various phases of welding 
for monetary awards as well as scholastic and 
industry recognition. 

Students’ papers may fall in one or more of 
the following categories: 


1. Design. 

2. Maintenance and repair. 
3. Welding fabrication. 

4. Research and development. 


Resident engineering undergraduate stu- 
dents registered in any school, college, or uni- 
versity in the United States, which offers a 
curriculum in any branch of engineering or 
architecture leading to a degree and cadets 
registered in the United States Military 
Academy, United States Naval Academy, 
and Coast Guard Academy are eligible to 
submit papers in this award program. 

The program contains two interdependent 
plans: the award plan and the scholarship 
plan. Under the award plan, engineering 
students of various engineering schools and 
colleges will submit papers on arc welding 
applications or arc welding technology. 
There will be 77 awards totaling $5,000, and 
seven scholarships totaling $1,750. Under 
the scholarship plan the institutions in which 
the three top awards are made to students 
will receive amounts of money equal, re- 
spectively, to those awards. These amounts 
are to be used for the purpose of scholarships 
in the departments in which the award stu- 
dents are registered. 

The rules of the program were reviewed 
and approved by the deans of engineering of 
14 prominent engineering colleges and may 
be obtained by writing The James F. Lincoln 
Arc Welding Foundation, Cleveland 1, Ohio, 


Airborne Laboratory Offers Fellowships. 
Two fellowships have been established by 
the Airborne Instrument Laboratory, Inc., 
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Mineola, N. Y., to aid worthy young men to 
obtain advanced degrees in the field of com- 
munications and electronics. To be known 
as the Airborne Instrument Laboratory 
Fellowships, one is for $1,000 plus tuition at 
Stanford University, Palo Alto, Calif.; 
the other, for $1,200 for a single man or 
$1,800 for a married man, plus tuition, is 
at the Massachusetts Institute of Technology. 
Recipients will be selected by the electrical 
engineering department staff of each school, 
and scholarships will be awarded on the 
basis of high scholarship, plus a consideration 
of the applicant’s personality and need for 
financial assistance. The donor has ex- 
pressed a preference that the awards be made 
to men interested in broad-band high- 
frequency systems, including filters, trans- 
mission lines, and vacuum-tube generators 
or amplifiers. 


L. G. Miller Named Engineering Dean. 
Beginning with the current semester, Pro- 
fessor Lorin G. Miller, former head of the 
department of mechanical engineering, will 
assume the duties of dean of engineering at 
the Michigan State College, East Lansing, 
Mich. He succeeds Dean Henry B. Dirke 
who has retired. Professor Miller, a na- 
tional authority in the field of heating and 
ventilation, is a graduate of Des Moines 
University, Iowa, and the Massachusetts 
Institute of Technology and has been on the 


engineering faculty at Michigan State 
College since 1929, He is a member of the 
governing council and the executive com- 
mittee of the research board of the American 
Society of Heating and Ventilating Engineers 
and is a past president of that society’s West 
Michigan chapter. Nationally known as 
a speaker on engineering topics, Professor 
Miller is also the author of numerous journal 
and magazine articles. 


OTHER SOCIETIES e 


American Society for Metals 
Asks for Award Nominees 


The American Society for Metals will 
make distinguished service awards to leaders 
in the field of engineering alloy steels at the 
National Metal Congress and Exposition 
to be held October 25-29, 1948, in Phila- 
delphia, Pa. This congress and exposition 
will celebrate the 75th anniversary of the 
first engineering use of an alloy steel. 

Members of all organizations and indus- 
tries in alloy steel engineering and any 
related fields are asked to submit the names 
of any living individuals who justifiably can 
be honored by such an award for their con- 
tributions in this phase of engineering. 

An awards committee, headed by J. M. 


Turbogenerator Set Ready for Testing 
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The 100,000-kw turbogenerator set being made for the Public Service Electric and 
Gas Company of New Jersey is shown being assembled for test at the General Electric 
turbine shop at Schenectady, N. Y. Designed for operating steam conditions of 1,500 
pounds gauge and 1,050 degrees Fahrenheit, the complete unit will be approximately 
85 feet long. Top speed of the last-stage wheels of the 35-foot-long 70,000-pound 23- 


stage turbine rotor is about 1,390 feet per second, well above the speed of sound. 


The 


stator frame housing the generator rotor weighs 75,200 pounds 
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Of Current Interest 


Schlendorf, vice-president of the Republic 
Steel Corporation, will consider all nomina- 
tions of individuals from all branches of this 
field. Categories of eligibility include re- 
search in metallurgical processes, develop- 
ment of research and inspection techniques, 
discoverers of alloy steels themselves, notable 
men in organization and promotion, and 
men responsible for notable applications in 
consuming industries, such as transportation, 
power, agriculture, chemical, petroleum, 
machine, and ordnance industries. 
Nominations should be mailed to: J. M. 
Schlendorf, Chairman, Distinguished Service 
Awards Committee, care of Republic Steel 


Corporation, Republic Building, Cleveland 
1, Ohio. 


Future Meetings of Other Societies 


American Chemical Society. Fifth National Chemical 
Exposition and National Industrial Chemical Confer- 
ence, October 12-16, 1948, Chicago, III. 


American Institute of Chemical Engineers. No- 
vember 7-10, 1948, Hotel Pennsylvania, New York, 
INS 


American Mathematical Society. November 3-5, 
1948, Birmingham, Ala. 


American Oil Chemist’s Society. Fall meeting, No- 
vember 15-17, 1948, Pennsylvania Hotel, New York, 
N. Y. 


American Society of Civil Engineers. Fall meeting, 
October 13-15, 1948, Boston, Mass. 


American Society of Mechanical Engineers. No- 
vember 28—December 3, 1948, Hotels Pennsylvania and 
New Yorker, New York, N. Y. 


American Society for Metals. October 23-29, 1948, 
Benjamin Franklin Hotel, Philadelphia, Pa. 


American Society of Refrigerating Engineers. 44th 
annual meeting, December 5-8, 1948, Washington, 
D. C. 


American Welding Society. October 25-29, 1948, 
Bellevue-Stratford Hotel, Philadelphia, Pa. 


Association of Iron and Steel Engineers. Iron and 
Steel Exposition, September 28-October 1, 1948, 
Cleveland, Ohio. 


Electrochemical Society. October 13-16, 1948, Hotel 
Pennsylvania, New York, N. Y. 


FM Association. Annual convention, October 11-12, 
1948, Sheraton Hotel, Chicago, III. 


Institute of Radio Engineers. Pacific Coast con- 
vention, September 30-October 2, 1948, Los Angeles, 
Calif. 


National Electrical Manufacturers Association. No- 
vember 8-13, 1948, Atlantic City, N. J. 


National Electronics Conference. November 4-6, 
1948, Edgewater Beach Hotel, Chicago, Ill. 


National Exposition of Power and Mechanical Engi- 
neering. November 29-December 4, 1948, Grand 
Central Palace, New York, N. Y. 


National Plastic Exposition. September 27—October 2, 
1948, Grand Central Palace, New York, N. Y. 


National Research Council’s Conference on Electrical 
Insulation. October 27-29, 1948, at the National 
Bureau of Standards, Washington, D. C. 


National Safety Congress. October 18-22, 1948, 


Chicago, Ill. 


Porcelain Enamel Institute. Tenth annual forum, 
October 13-15, 1948, Urbana, Ill. 


Prime Movers Committee of the Pennsylvania Electric 
Association. October 28-29, 1948, Carver House, War- 
ren, Pa. 


Society of Motion Picture Engineers. October 25-29, 


1948, Hotel Statler, Washington, D. C. 


Society of Naval Architects and Marine Engineers. 
November 10-13, 1948, Waldorf-Astoria Hotel, New 
York, N. Y. 


Society for Non-Destructive Testing. October 27-28, 
1948, Benjamin Franklin Hotel, Philadelphia, Pa. 


_———— 
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Industrial Chemical Parley 
to Be Revived at National Exhibit 


The National Industrial Chemical Con- 
ference will be revived after having been 
omitted for two years when the Chicago sec- 
tion of the American Chemical Society holds 
its fifth National Chemical Exposition 
October 12-16, 1948, at the Coliseum in 
Chicago, Ill. 

Latest developments and applications in 
industrial chemistry will be exhibited and 
21 technical papers, reporting on recent 
findings in chemistry as applied to general 
industry, are scheduled for discussion. 

Sessions will be devoted to the following 
categories: chemical market development, 
chemistry in general industry, hazards from 
chemicals, industrial research management, 
pilot plant use, and aspects of an educational 
program for high school students. Added 
feature will be a technical bureau set up as a 
help to small businessmen and manufac- 
turers seeking knowledge of how chemistry 
can be applied to their production plans. 
Show headquarters are at 1505 South 
Wabash Avenue, Chicago 5, III. 


Third Midwest ASQC Meeting. The 
eight midwest sections of the American 
Society for Quality Control will hold their 
Third Midwest Quality Control Conference 
November 4 and 5, 1948, at the Hotel 
Sherman, Chicago, Ill. Luncheon sessions, 
at which two top-ranking business executives 
will talk on the benefits of statistical quality 
control applications in their plants, will 
highlight the program. Cost of the 2-day 
meeting, including luncheon and sessions, is 
$15. Further details are obtainable from 
the Third Midwest Quality Control Con- 
ference, Post Office Box 1097, Chicago, IIl. 


New Research Society Formed. A new 
national scientific society called the Scientific 
Research Society of America (SRSA), with 
headquarters at Yale University, New Haven, 
Conn., promises to open up a new era of 
co-operation between the campus and the 
factory. ‘This new group is an offspring of 
Sigma Xi, national scientific honor society. 
Several reasons for SRSA’s formation 
include: a closer association between 
university scientist and his fellow in the 
industrial and government laboratory; to 
keep these experts abreast of latest advances 
in their own, related, and unrelated sciences; 
to give them the recognition “‘they have so 
justly earned in later life.’ Plans have 
been made to organize clubs in industrial 
and government laboratories throughout 
the United States. 


Ampere Society Seeks Members. The 
Society of the Friends of Ampere is seeking 
to expand its American membership to 
enable it to continue its collections and 
work, and to maintain the Ampere Museum 
at Poleymieux, France. The society was 
formed in 1930 to perpetuate the work and 
name of Andre-Marie Ampere, founder of 
the science of electrodynamics. “‘Ordinary”’ 
members fees are $1 per year or $10 for 
life membership; ‘“‘subscribing’? members 
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fees are $5 per year or $50 for life member- 
ship. All correspondence should be sent to 
the American delegate, David Landau, 
353 Fort Washington Avenue, New York 33, 
INGEYS 


ASTE to Have Own Building. Construc- 
tion of a building to house the activities and 
central office of the American Society of 
Tool Engineers is almost completed, and the 
society will begin occupancy November 1, 
1948. Financing of the project was done by 
a special investment bond issue sold only to 
ASTE chapters and members. The building 
being erected is on a 224 by 100 foot tract 
on Puritan Avenue between Monto Vista 
and Manor Avenue in northwest Detroit, 
Mich., and will have 12,000 square feet of 
floor space on a single floor, in comparison 
with the 3,500 square feet now being used. 
Specifications include an oil-fired warm air 
heating system, air conditioning plant, and 
a combination garage and loading dock. 


Safety Council to Convene. Nearly 10,000 
safety-minded persons are expected from all 
corners of the United States and other parts 
of the world at the 36th annual National 


LETTERS TO 


INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Voltage Notation Conventions 


To the Editor: 


The authors of the article, “Voltage Nota- 
tion Conventions” (EE, Jan’48, pp 41-8) have 
rendered a real service to the electrical 
engineering profession and it only can be 
hoped that their carefully assembled exhibi- 
tion of the chaotic conditions existing at 
present concerning the designation of volt- 
ages will stir up enough thought and argu- 
ment to lead finally to the adoption of a uni- 
form practice in this field. Those of us that 
have been practicing electrical engineering 
for a good many years usually are able to 
reconcile the vector diagram of a transformer, 
for instance, shown by one author with the 
primary and secondary voltages in phase but 
the currents 180 degrees out of phase, with 
that presented by another author, who shows 
the voltages out of phase and the currents in 
phase, but to our younger engineers this sort 
of thing is the source of a good deal of con- 
fusion. The recommendation of one par- 
ticular convention, with the authors of papers 
and books gradually falling in line, indeed 
would be a distinguished service which the 
Institute could render to the profession. 

Most of the electrical engineers, instruc- 
tors, and writers have developed a system of 
designating voltages either by arrows or by 
double-subscripts which to them is per- 


Of Current Interest 


Safety Council convention, Chicago, Ill. 
October 18-22, 1948. Up-to-the-minute 
problems will be presented to the aircraft 
manufacturing section when it hears talks 
on “Maintenance and Testing of Jet Aircraft 
Engines,” “Handling of Aircraft Rocket 
and Guided Missiles,’ and “Supersonic 
Sickness and Noise Abatement.” A 
nonveteran topic will come before the 
veterans of safety meeting when Milton S. 
Aronstam, of the United States Atomic 
Energy Commission, speaks on ‘“‘Problems 
Involved in Atomic Energy Research.” 
“Nucleonics—Its Threats and Promises” 
is a subject to be presented to the American 
Society of Safety Engineers. Sessions on 
industrial safety will be held at the Stevens, 
Congress, and Morrison Hotels, with the 
industrial exposition and motion pictures 
at the Stevens Hotel. Commercial vehicle 
and transit activities will be centered in the 
Morrison Hotel, as will the school and col- 
lege sessions. Traffic, farm, home, and 
women’s sessions will be in the Sherman 
Hotel, where the public safety exposition 
and film showings will be held. A labor- 
management session again will bring to- 
gether representatives of the American 
Federation of Labor, the Committee of 
Industrial Organization, and _ industrial 
management in a discussion of safety re- 
sponsibilities and methods. 


THE EDITOR 


stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. 


fectly clear and entirely logical. Asa matter 
of fact, anyone of the systems described by 
the authors probably is entirely logical and 
has certain advantages over its competitors. 
Now it must be admitted that a man might 
write a very valuable book on the use of tools 
and in the introduction state that every time 
he uses the word “‘Shammer” he means a 
chisel and every time he uses the word 
“‘chisel’”” he means a pair of pliers. But 
certainly nobody will deny the desirablity to 
agree on what a given term means and this is 
exactly the need as it exists today with re- 
gard to the designation of voltages. The 
committee on basic sciences of the Institute 
should invite proponents of the various ways 
of designating voltages to present their view- 
points and reasons why their particular sys- 
tem is preferable and then recommend one 
system to the profession. That there will be 
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some disappointed people cannot be helped, 
but any system generally adopted will be 
superior to the present coexistence of a num- 
ber of them. 

By definition, the voltage between two 
points is the potential difference between 
them, and since the potential of a point is 
defined as the work necessary to move the 
positive unit of charge from infinity to this 
point, then the voltage between two points 
necessarily by definition is the work necessary 
to move the positive unit of charge from one 
terminal to the other. As ordinarily we do 
not associate direction with work, I agree 
fully with the authors when they suggest that 
the association of direction with voltage 
should be discouraged. A point is at a 
higher potential when it takes more work to 
transport the positive charge from infinity to 
it than it does to some other point; similarly 
Pikes Peak is at a higher level than Denver, 
because it takes more work to transport one 
pound from sea level to it, than it does to 
Denver. But what is the direction between 
the level difference between Pikes Peak and 
Denver? Only by bringing in another 
notion such as, “In which direction will a 
ball roll between the two points,” could 
direction be associated with this difference 
in level? 

The authors state the simple and indisput- 
able fact that the potential difference be- 
tween two points is not endowed with some 
mysterious properties depending on how it is 
produced. They point out that, given two 
terminals coming out of an enclosure, there 
is no measurement which would disclose 
whether the potential difference between the 
two points is due to a battery, due to a chang- 
ing magnetic field passing through a coil 
due to a charged capacitor or due to a cur- 
rent flowing through a resistance. Why it 
should be necessary to use two symbols, E 
and V, is beyond the comprehension of this 
discusser. If we connect a resistor across a 
6-volt storage battery and measure the volt- 
age existing between the two terminals of 
the battery (which are now at the same time 
the terminals of the resistor) do we measure 
the voltage of the battery or the voltage 
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across the resistor? Why should the one be 
called E, the other V, and why should one be 
negative and the other be positive? 

Consider now a 6-volt storage battery as 
shown in the accompanying Figure 1, with 
its terminals marked A and B. A load is 
shown across the battery but this obviously 
does not change anything on the polarity of 
the voltage existing between the two ter- 
minals A and B. In the following table are 
listed the possible interpretations of the 
double-subscript method of designating the 
voltage E4z or V4p, and what an adherent to 
that particular definition would give as the 
value of the observed voltage. 

The table shows ten possibilities but no 
claim is made that it is complete. 


The potential difference between 
points A and B, that is, the poten- 
tial of point A minus the potential +e 
of point B 


The potential difference between 
points B and A, that is, the poten- 
tial of point B minus the potential 
of point A 


The potential (or level) of point 
A with respect to point B. (In 6 
other words B is the reference a 


point.) 
VaporE 
may be be The potential (or level) of point 
Gucdias B with respect to A. In other | —6 
words, A is the reference point 
The voltage or potential rise from | —6 
AtoB 
The voltage or potential rise from | +6 
BtoA 
The voltage fall from A to B +6 
The voltage fall from B to A —6 
The voltage ‘‘acting”’ from A to B | +6? 
| The voltage ‘“‘acting” from B to A | —6? 


Furthermore, for all those who insist that V 
and E are opposite, in other words that the 
terminal voltage is always the opposite of 
some mysterious electromotive force acting 
on whatever is between these terminals, there 
exist immediately ten more possibilities. 
The last two lines in the table may require a 
little explanation, because the term “acting” 
is open to argument. One might say that a 
voltage “acts” from point A to point B if 
upon connecting points A and B by a resist- 
ance, current would flow from 4 to B. 
With this definition the plus and minus sign 
as indicated in the table will result. 

The table shows that half of the definitions 
lead, for the particular case shown in the 
figure, to a plus sign while the other half 
leads to a minus sign. This is of course 
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rather reasonable no matter what definition 
one might pick on. We always can consider 
either the first or the second one of the sub- 
script as the reference point which will 
naturally lead to opposite results. 

Now we may take a pencil, close our eyes 
and stab at the table and elect the definition 
chosen in this manner as the standard. 
Any one of them, if generally accepted, will 
be preferable to the necessity of having to 
deal with all ten of them, depending on 
whose book or paper we read. Personally, I 
hope that the pencil will land on a definition 
which results in a plus value in this particular 
case, for the same reason that the authors 
recommend such a choice. Ohm?’s law is the 
fundamental law of electric circuits, and it 
connects the voltage across a resistor with the 
current flowing through it. Its discoverer 
was not worrying about double-subscripts 
but only proclaimed the proportionality be- 
tween voltage and current, but there can be 
no harm in attempting to fit the double sub- 
script notation into it without having to. 
change it. Now the authors have shown 
that there is practically no confusion about 
the notation J4,. By this is usually meant a 
current flowing from A to B (although there 
is of course no reason why one could not 
define it in the opposite way.) Ohm’s law 
reads: 


E=IXR 


When introducing double-subscript notation 
into Ohm’s law it would evidently be desir- 
able if the sequence of subscripts would be the 
same on both sides and if both sides of the 
equation would also retain the positive sign. 
In other words, when defining E 4p it would be 
desirable to formulate the definition in such a 
manner that Ohm’s law will read: 


Ex4g=1I4pXR 


But if in a resistance with the terminals A and 
Bacurrent flows from A to B (in other words, 
I 4p is positive) then terminal A must be at a 
higher potential than terminal B, and the 
definition for E4g should be made in such a 
way that it turns out as positive when ter- 
minal A is positive with respect to terminal B. 
This is the same reasoning that the authors 
use in arriving at their recommendation; 
there is, however, another argument in favor 
of this convention. If a single subscript is 
used to designate the potential of a given 
point, in other words, if E,4 represents the 
work necessary to move the unit charge from 
infinity or from any point of zero potential to 
point A, then it would seem convenient as 
well as logical to define E4p, as E4— Ep, re- 
taining the sequence of the subscripts, rather 
than E;—E,. If point A is then at a higher 
potential than point B (in other words, if it 
is the positive terminal of the two) E,4p will 
turn out as positive. In my own teaching 
activities I have used the third definition 
given in the table because I have endeavored 
to make my students visualize a voltage as a 
height or level difference; in agreement with 
the authors of the present article, the second 
of the two subscripts will then be the refer- 
ence point. 

The authors ably have pointed out that the 
only possible objection might arise when this 
notation is applied to vectordiagrams but 
when it is once agreed upon that the second 
subscript is the reference point, then, since 
the reference point in any vectordiagram is 
the point around which the vectors rotate no 
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particular mental effort is demanded to as- 
sociate the second subscript with the origin. 
The projection of the arrowhead on a vertical 
line is then the instantaneous potential of the 
terminal designated by the first subscript 
with respect to the reference terminal, that is, 
the second subscript. 

When the double-subscript method is used 
for the designation of currents, the situation is 
somewhat different. While the voltage be- 
tween two points is a physical quantity which 
cannot have more than one value at the same 
time (at least not when we confine ourselves 
to scalar fields), there may be any number of 
current paths between two points, all of them 
carrying currents of different amounts. As a 
matter of fact, if there is any path carrying 
current at all between two points, there must 
be at least one other path, since at least one 
return path must be provided for the current 
in the path under consideration. In Figure 
1A of the article a simple circuit consisting of 
a generator and a single load isshown. The 
two currents must of course be numerically 
equal but of opposite sign; if we call them 
both J4, as shown in Figure 1A we naturally 
arrive at the impossibility that a quantity is 
equal to its own negative value. To avoid 
this difficulty it is evidently necessary to give 
the current through the load a different 
designation than the current through the 
generator. This the authors very cleverly 
accomplished by the introduction of an addi- 
tional terminal so that now the currents 
through the load and through the generator 
carry different labels. There can be no 
quarrel with this solution, but it should be 
pointed out that if there should be 7 load 
branches instead of the one shown in Figure 1, 
the introduction of n additional terminals will 
be required to make this system work. I feel 
that many engineers dealing with a circuit, 
where there are a number of branches be- 
tween two points, will prefer to designate 
these currents by a numerical subscript, in 
addition to giving the two terminals between 
which the current flows. In other cases, one 
might, for convenience sake, designate the 
current as for instance Jz, Ig when the first 
branch happens to be inductive, the second 
one capacitive, and when there are no other 
branches of the same nature in the circuit. 
Applying this to the circuit shown in Figure 1 
of the article one might designate the current 
flowing through the generator as J, while the 
current flowing in the impedance Z would 
be designated as Jz. The subscripts a and b 
then are added to these values to indicate the 
direction in which current will be counted as 
positive. The equation pertaining to this 
figure then will read as shown in the ac- 
companying Figure 2. 

One of the most instructive examples in- 
volving the designation of current and volt- 
ages may be found in the case of a resonant 
circuit. The case of series resonance as 
shown in Figure 3A of this letter is usually 
mathematically treated by stating that the 
current in the inductance is equal to the cur- 
rent in the capacitor since we are dealing 
with a single-loop closed circuit. The volt- 
ages across the inductance and the capacity 
on the other hand are 180 degrees out of 
phase. When it is desired to maintain a 
certain current in this circuit and the resist- 
ance R is diminished to the limit zero the 
generator also must be diminished to zero 
and we finally wind up with just the induc- 
tance and the capacity and a current of 
oscillatory nature. The vector diagram con- 
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sequently winds up with the two voltages 
across the inductance and the capacity 
numerically equal and 180 degrees out of 
phase, and the current in the two components 
alike. In the case of parallel resonance, we 
consider the voltage applies to the inductance 
and to the capacity as equal while the cur- 
rents—in the case of zero resistance—are 
numerically exactly equal, but 180 degrees out 
of phase, resulting in zero current furnished 
by the generator. But the two circuits 
represent now exactly the same physical 
phenomenon, namely a resonant circuit in 
oscillation. The man who got the circuit 
shown in Figure 34 into oscillation and then 
removed RF and the generator will insist that 
the currents in the capacitor and in the induct- 
ance were always the same and still are the 
same while the voltages are 180 degrees out of 
phase while the man of circuit in Figure 3B 
will claim that the voltages across the induct- 
ance and capacitive branch were always the 
same but that in the loss-free state the cur- 
rents are now exactly 180 degrees out of 
phase, and not alike. The question of 
whether in an oscillating circuit the current in 
the inductance and the capacity is the same, 
but the voltages 180 degrees out of phase, or 
vice versa, is consequently an idle one because 
it evidently simply depends on the view- 
point of the observer. If one decides to call 
the current through the capacitor positive 
when it flows from A to B through the capac- 
itor, and the current through the inductance 
as positive when it flows from B to A, then 
the two currents are alike but if one decides 
to call them both positive when they flow 
through the respective components from A 
to B then they are 180 degrees out of phase. 
Not one iota has been changed however on 
the actual physical phenomenon. 


WALTHER RICHTER (F’42) 


(AlliseChalmers Manufacturing Company, West Allis, 
Wis.) 


Institute Correspondence 


To the Editor: 


It seems that it is about time for an im- 
provement to be effected in the manner of 
handling correspondence between the In- 
stitute and its members. This specifically 
refers to: 


1. Voting ballots. 
2. Notice of publication of new papers. 
3. Other literature of relatively secondary importance. 


At the present time in order for a member 
to vote in an election he is forwarded a 
self-addressed, unstamped envelope for re- 
turning his ballot. In all probability many 
ballots never are returned because there is 
no stamp affixed to the envelope and it is 
set aside until one is procured. Many 
times the unused ballot ends up in the waste 
basket, being too late for use and quali- 
fication. 

The same analysis might be applied to the 
mailing and handling of publication notices 
and literature of secondary importance. At 
the present time these are mailed in unsealed 
envelopes; although often important and 
of interest to a member they likewise pre- 
maturely end up in a waste basket because 
they get placed in the file with other adver- 


tising information mailed at underclass 
rates, 
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As a service to members, I believe that all 
mail forwarded to members, with the excep- 
tion of the monthly magazine, should be 
sent as first class mail so as to receive the 
member’s attention. Any correspondence 
requiring an answer likewise should have 
a self-addressed stamped envelope enclosed 
for prompt action. 

This idea is put forth in the interest of 
good business. What large business or 
corporation would send out proxies to their 
stockholders without enclosing a stamped 
envelope for its return? Also, how many 
use second class mail privileges for mailing 
their dividends? A company that wants 
to protect its integrity and promote its 
business ideals would not attempt any action 
of this type. ~ 

I doubt if there is any member who would 
begrudge spending three cents for a stamp 
for returning voting ballots, but it is just the 
principle of the matter. If the Institute’s 
financial condition is in such bad straits 
that it cannot afford to handle all its business 
by first class mail, then it is time to increase 
the advertising matter and eliminate corre- 
spondence of secondary importance. 


J. RICHARD MILLER, JR. (A’45) 


(Assistant electrical engineer, Tennessee Valley Au- 
thority, Chattanooga, Tenn.) 


Further Education for the Engineer 


To the Editor: 


Several articles have appeared in ELEC- 
TRICAL ENGINEERING on the education 
of the undergraduate, but none, as far as I 
know, on the graduate now out in industry. 
Engineers in firms having training courses 
probably have their training prescribed, 
but when the education is voluntary and 
independent the student may find himself 
adrift without compass or oar. 

In my own case I finished school 11 years 
ago, have worked for the same firm ever 
since. While finding the work agreeable it 
lacks professional contacts, being 100 miles 
from St. Louis and twice as far from the 
Urbana Section of the AIEE. So, when I 
began to feel the need for further education, 
the planning thereof depended solely on 
myself. 

The first part was easy. Every engineer 
is supposed to understand differential equa- 
tions. I was not sure why, but started 
there. Not very difficult, though I dis- 
covered that some authors wrote for their 
own amazement, others to prevent over- 
crowding at the top by making it hard for 
the ignorant. I later found that such 
styles are not peculiar to texts on differential 
equations. 

After elementary differential equations I 
had no idea where to turn. By mistake I 
previously had purchased a book on auto- 
matic controls which I kept because of its 
extensive bibliography; using this as a 
guide I borrowed one book after another 
from the Engineering Societies Library, 
each just long enough to realize it was be- 
yond me. I was about to give up when 
I discovered the series of texts of the General 
Electric advanced course in engineering, the 
first of which I purchased. My search for 
subject matter is ended temporarily, though 
I often wonder if there are other works 
better suited for independent study. A 
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text designed for use under an instructor is 
not necessarily the best for that. As an 
example, I might cite one problem in 
Doherty and Keller’s “‘Mathematics of Mod- 
ern Engineering”’: 


It can be shown easily that the force on a charge moving 
in an electromagnetic field is given by F=g(v/cX B). 


It may be easy, but it took me six months, 
including a detour through 600 pages of 
another text. An instructor would have 
written it out for those who did not under- 
stand it. A little late to be realizing the 
advantages in formal education. 

Things like that make me wonder whether 
I am getting a solid education or wandering 
aimlessly up byways. At the moment I 
am trying to decide whether to buy a book 
on operational calculus or be content with 
a very general knowledge of the subject for a 
while and push on to something else. Any 
with ideas on advanced education hereby 
are assured of a listener. 


GEORGE D. JOHNSON (A’45) 
(Electrical engineer, Valier Coal Company, Valier, III.) 


NEW BOOKS eeeee 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented bythe publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 


TECHNIQUES IN EXPERIMENTAL ELECTRON- 
ICS. By C. H. Bachman. John Wiley and Sons, 
New_York, N. Y.; Chapman and Hall, London, Eng- 
“land, 1948. 252 pages, illustrations, diagrams, charts, 
tables, 8!/2 by 51/2 inches, cloth, $3.50. Of interest 
to those engaged in production or research in the field, 
this book is concerned primarily with controlled beams 
of charged particles in vacua, or at very low pressures. 
Such topics as methods of applying and using fluo- 
rescent materials, cathode coatings, tungsten charac- 
teristics, and vacuum glass blowing techniques are 
discussed. 


TECHNIQUE OF MICROWAVE MEASURE- 
MENTS. (Massachusetts Institute of Technology, 
Radiation Laboratory Series number 11.) Edited by 
C. G. Montgomery. McGraw-Hill Book Company, 
New York, N. Y., and London, England, 1947. 939 
pages, illustrations, diagrams, charts, tables, 1/4 by 
6 inches, cloth, $10. This volume describes in detail 
the procedures for measuring the properties of micro- 
waves and the circuits in which they are used, Topics 
include standing-wave measurements and the determi- 
nation of impedance; measurement of wave length and 
frequency; measurement of power and attenuation; 
various microwave devices such as directional couplers, 
spectrum analyzers, and impedance bridges. 


(The) TRANSFER OF MATERIAL, TEMPERA- 
TURE AND STABILITY IN THE ELECTRIC 
WELDING ARC. A résumé of published informa- 
tion. Technical Report, reference Z/T61. By J. C. 
Needham. British Electrical and Allied Industries 
Research Association, 15 Savoy Street, London, W.C. 2, 
England, 1947. 22 pages, illustrations, diagrams, 
charts, tables, 11 by 81/2 inches, paper, 7s.6d. The 
three main parts of this report cover; the physical 
state of the material during actual transference, the 
methods employed in the investigation, and the measure- 
ment of the forces at the electrodes; second, the methods 
for measuring arc temperatures, and data for both 
d-c and a-c arcs; third, both the mechanical and 
electrical stability of the arc, together with the inherent 
properties of the arc. 


TROUBLES OF ELECTRICAL EQUIPMENT. By 
H. E. Stafford. Third edition. McGraw-Hill Book 
Company, New York, N. Y., and London, England, 
1947. 455 pages, illustrations, diagrams, charts, tables, 
91/4 by 6 inches, cloth, $4.50. This manual deals with 
both a-c and d-c equipment usually found in the average 
industrial plant, covering symptoms, causes, and 
remedies. The material on transformers, relays, and 
storage batteries has been revised and enlarged in this 
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third edition, and new tables and diagrams have been 
added. A tabular presentation for quick reference is 
provided in each section. 


VADE-MECUM (Radiolampen) 2 parts 1948. By 
P. H. Brans. Published by P. H. Brans, Limited, 
Antwerp, Belgium. 198 pages, supplement, 96 pages, 
illustrations, tables, 111/2 by 8 inches, paper. 
This regularly revised manual covers tubes made all 
over the world. The type of tube, manufacturer, 
voltage, and base connection are given. The tubes 
are classified according to their heater-voltage with a 
general index arranged by tube type. A list of manu- 
facturers in Europe, America, Africa, Asia, and Oceania 
is included. 


FUNDAMENTALS OF. ELECTRICITY AND 
MAGNETISM. By L. B. Loeb. Third edition. 
John Wiley and Sons, New York, N. Y.; Chapman and 
Hall, London, England, 1947. 669 pages, diagrams, 
charts, tables, 91/4 by 58/4 inches, cloth, $6. Using 
calculus and the gaussian system of units, this volume 
presents the various concepts of electricity and magne- 
tism in terms of experimental observations and the 
logical deductions and inferences based thereon. 


ANALYSIS AND SYNTHESIS OF LINEAR SERVO- 
MECHANISMS. By A. C. Hall. Technology Press, 
Massachusetts Institute of Technology, Cambridge, 
Mass., 1947. 193 pages, diagrams, charts, tables, 
11 by 81/2 inches, paper, $2.50. A formulation of a 
servomechanism design procedure based primarily upon 
an analysis of the system response to sinusoidal inputs of 
various frequencies. The methods developed are based 
upon the characteristics of the servomechanism transfer 
function, Following the discussion of compensating 
functions, their physical realization is considered using 
several different types of circuits. Advantages and 
shortcomings of the various compensating devices are 
discussed. 


(THE) ARCHITECTS MANUAL OF ENGINEERED 
SOUND SYSTEMS (including Sound Symbols, De- 
finitions, and Specifications). Radio Corporation of 
America, Engineering Products Department, Archi- 
tectural Relations, Sound Equipment Section, Camden, 
N. J., 1947. 288 pages, illustrations, diagrams, charts, 
tables, 111/2 by 9 inches, fabrikoid, $5. Serves as a 
guide for the construction of sound systems in modern 
buildings. Microphones, amplifiers, loud-speakers, and 
the controls for these instruments are considered as well 
as the sound film projector. Typical layouts and speci- 
fications for schools, hospitals, auditoriums, churches, 
industrial buildings, and hotels are given. A glossary 
of terms and symbols is included. 


COLLEGE PHYSICS, Complete Edition. Electricity, 
Magnetism, Optics. By F, W. Sears and M. W. 
Zemansky. Addison-Wesley Press, Inc., Cambridge 42, 
Mass., 1948. 848 pages, illustrations, diagrams, charts, 
tables, 91/4 by 6 inches, cloth, $3.50. An adaptation of 
the Sears’ ‘Principles of Physics’ series, this text puts 
the emphasis on physical principles. Those parts of the 
original text that come within the scope of intermediate 
physics and needed the aid of calculus have been removed 
or rewritten in simpler form, In addition to the stand- 
ard material on electricity, magnetism, and optics, this 
volume briefly discusses radioactivity, atomic, and 
nuclear physics. 


CORROSION HANDBOOK. Edited by H. H. Uhlig 
and sponsored by The Electrochemical Society, Inc., 
New York, N. Y. John Wiley and Sons, New York, 
N. Y.; Chapman & Hall, London, England, 1948. 
1,188 pages, illustrations, diagrams, charts, tables, 
91/4 by 6 inches, cloth, $12. Provides a condensed 
summary of information covering all phases of corrosion, 
including within its scope a cross-section of scientific 
data and industrial experience. Quantitative rather 
than qualitative data are considered. Current corrosion 
theory is covered as well as corrosion testing. More than 
100 authorities in the field contributed. 


CURRENT-COLLECTING BRUSHES IN ELEC- 
TRICAL MACHINES. By M. E. Hayes, Sir Isaac 
Pitman and Sons, Ltd., London, England, 1947. 191 
pages, illustrations, diagrams, charts, tables, 83/4 by 51/2 
inches, cloth, 21s. Beginning with introductory chapters 
on carbon as a material and on the various types of 
carbon brushes, this comprehensive work proceeds with 
a detailed treatment of the design and use of such 
brushes. The principles and effective operation of 
current collecting devices are discussed with attention 
to wear and maintenance problems. A detailed table 
is given for the selection of brush quality. 


ELECTRON AND NUCLEAR PHYSICS. By J. B. 
Hoag. Third edition revised by S. A. Korft. D. Van 
Nostrand Company, New York, N. Y., 1948. 522 
pages, diagrams, charts, tables, 83/, by 51/2 inches, 
cloth, $5. Aims to present modern physics at the 
college level. The major changes and differences in 
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this edition are the inclusion of the new material de- 
veloped in the past few years. This includes the newer 
accelerating devices, the new experimental techniques, 
modern vacuum tubes, and a discussion of the neutron 
experiments and their bearing on the structure of the 
nucleus 


ESSAYS IN RHEOLOGY. Edited by the British 
Rheologists’ Club. Pitman Publishing Corporation, 
New York, N. Y., and Chicago, Ill., 1947. 103 pages, 
diagrams, charts, tables, 83/4 by 51/4 inches, cloth, $3. 
Based on papers and discussion of the British Rhe- 
ologists’ Club 1944 Conference. Contains seven essays: 
the rheology of metals, polymers and liquids; the 
relationship between compression and shear tests; the 
time-variations of stress and strain; rheological nomen- 
clature and symbols; and the applications of rheology 
to medical science, naval problems, and the fine arts. 


FRACTIONAL HORSEPOWER ELECTRIC MO- 
TORS. By C. G. Veinott. Second edition. McGraw- 
Hill Book Company, New York, N. Y., Toronto, Ontario, 
Canada, London, England, 1948. 554 pages, illustra- 
tions, diagrams, charts, tables, 9!/s by 6 inches, cloth, 
$5. For those engaged in the design, manufacture, 
installation, maintenance, or repair of fractional horse- 
power motors. It discusses what types are available, 
what makes them run, and what they will do, together 
with a detailed analysis of testing methods. This 
edition conforms to the standards of the American 
Standards Association, the National Electrical Manu- 
facturers Association, and the AIEE. 


INDUSTRIAL ELECTRIC FURNACES AND AP- 
PLIANCES, Volume II. By V. Paschkis. Interscience 
Publishers, Inc., New York, N. Y., and London, Eng- 
land, 1948. 320 pages, illustrations, diagrams, charts, 
tables, 91/4 by 6 inches, cloth, $8. Covers resistance 
furnaces and appliances, induction and high-frequency 
capacitance heating, and the selection of furnaces. A 
fairly rigid classification of furnaces is made, and appli- 
cations for each general class are listed. The electrical 
fundamentals of induction and capacitance heating are 
discussed only briefly, and no attempt is made to cover 
specific technologies such as drying and quenching. 


INTERRUPTORES DE CORRIENTE ALTERNA 
EN ALTA TENSION. By S. Gerszonowicz, Facultad 
de Ingenieria de Montevideo, Uruguay, 1947. Obtain- 
able through Stechert-Hafner, Inc., 31 East Tenth 
Street, New York 3, N. Y., and Editorial Médico-Quirtr- 
gica, 615 Diagonal Norte, Buenos Aires, Argentina. 
414 pages, illustrations, diagrams, charts, tables, 208 
figures, 10 by 7 inches, paper, $7.50. Detailed treat- 
ment of a-c power circuit breakers. Chapters 13 
discuss the basic phenomena underlying the circuit 
breaker’s function and operation. Chapters 4-9 de- 
scribe the different types of circuit breakers, of American 
and European manufacturers, especially air and oil 
circuit breakers, their operation and tests. Chapters 
10-13 discuss critically American, European, and 
international power circuit breaker standards, and 
chapter 14 considers the selection of circuit breakers. 
A bibliography of 450 items is included. 


KLYSTRONS AND MICROWAVE TRIODES. 
(Massachusetts Institute of Technology, Radiation 
Laboratory Series volume 7.) By D. R. Hamilton, J. 
K. Knipp, J. B. H. Kuper, and others. McGraw-Hill 
Book Company, New York, N. Y., Toronto, Ontario, 
Canada, London, England, 1948. 533 pages, illustra- 
tions, diagrams, charts, tables, 91/4 by 6 inches, cloth, 
$7.50. Primarily concerned with low-power micro- 
wave triodes and klystrons, and their performance as 
local oscillators, signal generators, and low-power trans- 
mitters. A theoretical treatment is given covering the 
use of triodes and klystrons as mixers, amplifiers, oscilla- 
tors, and frequency multipliers. The performance of 
planar triodes with small electrode spacing as low-power 
sources of CW and pulse power is dealt with, as well as 
the theory and use of 2-cavity and reflex klystrons. 


MICROWAVE DUPLEXERS. Edited by L. D. 
Smullin and C. G. Montgomery. (Massachusetts In- 
stitute of Technology, Radiation Laboratory Series, 
vol. 14.) McGraw-Hill Book Company, New York, 
N. Y., Toronto, Ontario, Canada, London, England, 
1948. 437 pages, illustrations, diagrams, charts, tables, 
91/4 by 6 inches, cloth, $6.50. Deals with the general 
problem of using a single antenna for both receiving 
and transmitting, and is therefore mainly of interest for 
pulsed transmission applications. It discusses the low- 
level properties of TR and ATR tubes and the methods 
for their design. The high-level operation is described 
in detail and discussed in connection with the properties 
of the gases used for filling the tubes. 


MICROWAVE RECEIVERS. (Massachusetts In- 
stitute of Technology, Radiation Laboratory Series, 
volume 23.) Edited by S. N. Van Voorhis. McGraw- 
Hill Book Company, New York, N. Y., Toronto, Ontario, 
Canada, London, England, 1948. 618 pages, illustra- 
tions, diagrams, charts, tables, 91/, by 6 inches, cloth, 
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$8. All of the elements making up a wide-band receiver 
are covered, After a discussion of the individual circuit 
types from which a complete receiver is made, the book 
takes up general matters concerning the assembly, 
testing and maintenance of microwave receivers, and 
then deals with actual receivers chosen as examples 
because they are typical of the important combinations 
of circuits. 


NATIONAL ELECTRONICS CONFERENCE, 
PROCEEDINGS, volume 3, Chicago, Hl., November 
3-5, 1947. (Obtainable from Doctor R. R. Buss, 
Electrical Engineering Department, Northwestern 
University, Evanston, Ill.) 1948. 698 pages, illus- 
trations, diagrams, charts, tables, 9 by 6 inches, paper, 
$4. Some 60 papers are printed in full, classified under 
the following subjects: moise suppression, electronic 
instrumentation, coaxial elements, microwaves, com- 
puters, electronic circuit analysis, industrial electronics, 
nucleonics, communication, television, antennas, FM 
broadcasting, military applications, and general basic 
or descriptive papers. Brief abstracts only are provided 
for 20 other papers that are scattered through the several 
subject groups. 


NEW WEAPONS FOR AIR WARFARE, FIRE- 
CONTROL EQUIPMENT, PROXIMITY FUSES, 
AND GUIDED MISSILES. (Science in World War 
II.) Office of Scientific Research and Development. 
Edited by J. C. Boyce, with a foreword by R. C. Tolman. 
(An Atlantic Monthly Press Book) Little, Brown and 
Company, Boston, Mass., 1947. 292 pages, illustrations, 
81/2 by 51/2 inches, cloth, $4. Describes the work done 
by the National Defense Research Committee of the 
Office of Scientific Research and Development on 
devices to control the behavior of shells, bombs, rockets, 
and other missiles. Specifically, it covers fire control, 
proximity or VT-fuses for rotating and nonrotating shells, 
and guided missiles. 


COMPUTING MECHANISMS AND LINKAGES. 
(Massachusetts Institute of Technology, Radiation 
Laboratory Series, volume 27.) By A. Svoboda, edited 
by H. M. James. McGraw-Hill Book Company, New 
York, N. Y., 1948. 359 pages, diagrams, charts, tables, 
91/4 by 6 inches, cloth, $4.50. A general treatment is 
provided of computing mechanisms in general, and a 
detailed study is made of the design of bar linkages for 
use in computers. A full account is included of novel 
methods for the design of bar linkages serving as genera- 
tors of functions of one and two independent variables. 
Special attention is paid to the design of the bar linkage 
multipliers, 


CRYSTAL RECTIFIERS. (Massachusetts Institute 
of Technology, Radiation Laboratory Series, volume 15.) 
By H. C. Torrey and C. A. Whitmer, edited by S. A. 
Goudsmit and others. McGraw-Hill Book Company, 
New York, N. Y., and London, England, 1948. 443 
pages, illustrations, diagrams, charts, tables, 9!/s by 6 
inches, cloth, $6. Discusses the theory, properties, and 
use of silicon and germanium point-contact rectifiers 
which have been developed for use as microwave con- 
verters and for other circuit applications. Treatment 
of the theory by semiconductors, of the semiconductor 
metal contact, of frequency conversion by rectifiers 
and of noise generation by crystals is followed by engi- 
neering information on the production and use of prac- 
tical crystal types. 


ELECTRIC POWER AND GOVERNMENT 
POLICY, A SURVEY OF THE RELATIONS BE- 
TWEEN THE GOVERNMENT AND THE ELEC- 
TRIC POWER INDUSTRY. Twentieth Century 
Fund, 330 West 42d Street, New York, N. Y., 1948. 
860 pages, charts, maps, tables, 91/4 by 6 inches, cloth, 
$5. This volume is based upon the findings of a 
comprehensive survey of the relations between govern- 
ment and the electric power industry. The project was 
designed to give the public an unbiased picture of how 
these relations have worked out, and to develop some 
constructive planks for a national power policy platform 
in the interest of the public as a whole. 


ELECTRONIC INSTRUMENTS. Edited by I. A. 
Greenwood, J. V. Holdam, and D. MacRae. (Massa- 
chusetts Institute of Technology, Radiation Laboratory 
Series, volume 21.) McGraw-Hill Book Company, 
New York, N. Y., Toronto, Ontario, Canada, London, 
England, 1948. 721 pages, illustrations, diagrams, 
charts, tables, 91/4 by 6 inches, cloth, $9. Details of the 
design of simple electronic computing systems are 
followed by several illustrative applications to the solu- 
tion of the aircraft navigation problem and the synthesis 
of radar data for training purposes. A second part is 
devoted to the practical aspects of the design of light- 
weight, low-power electronic servomechanisms, and a 
number of practical examples are included. The last 
two parts treat the practical design of accurately stabil- 
ized power supplies and present problems of design and 
construction of prototype equipment with emphasis on 
lightweight techniques and the limitations of available 
components. 
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PHENOMENES RADIOACTIFS ET INTRODUC- 
TION A LA PHYSIQUE NUCLEAIRE. By G. 
Gueben. Editions Desoer, Liége, Belgium; Dunod, 
Editéur, Paris, France, 1948. 261 pages, illustrations, 
diagrams, charts, tables, 91/2 by 6 inches, paper, 550 
Fr, frs. (available in United States from Stechert-Hafner, 
31 East Tenth Street, New York, N. Y., $6). Based 
on courses given at the University of Liege, this volume 
traces the development of our knowledge of radioactivity 
and presents the basic principles of nuclear physics. 
Beginning with an historical survey, early chapters 
discuss ionization of gases, methods of observing radio- 
activity, and the nuclear emissions which are known. 
Radioactive elements and isotopes, natural and artificial 
fission, and occurrence of radioactivity then are treated. 
The last chapter considers nuclear structure. 


LA PHOTORLASTICITE. By A. Pirard. Dunod, 
Editéur, Paris, France, 1947. 419 pages, illustrations, 
diagrams, charts, tables, 91/2 by 6 inches, paper, 1550 
frs. Following an extended discussion of the theory of 
elasticity, this text takes up the subject of photoelasticity 
from both the theoretical and practical points of view. 
Biréfringence and polarisation are discussed, materials 
and equipment for photoelastic examination are de- 
scribed in detail, and practical applications are demon- 
strated with examples of photoelastic studies. 


PHOTOELASTICITY, volume 2. By M. M. Frocht. 
John Wiley and Sons, New York, N. Y.; Chapman and 
Hall, London, England, 1948. 505 pages, illustrations, 
diagrams, charts, tables, 91/4 by 6 inches, cloth, $10. 
This treatise on advanced principles and methods 
includes the following: essential elements of the theory 
of elasticity; a critical examination of the influence of 
the physical constants on the state of stress in two dimen- 
sions; a broad survey of the methods for the determi- 
nation of the sums of the principal stresses with special 
emphasis on the numerical solution of Laplace’s Equa- 
tions. Also presents the theory and technique of 3- 
dimensional photoelasticity with applications to stress 
concentrations. 


SPI HANDBOOK. Society of the Plastics Industry, 
Inc., 295 Madison Avenue, New York, N. Y., 1947. 
451 pages, illustrations, diagrams, charts, tables, 91/4 by 
6 inches, fabrikoid, $7.50 to nonmembers, $4.50 to 
members. The results of six years of planning and four 
years of effort by 300 technicians in the plastics industry, 
this handbook covers the subjects of primary importance 
to good engineering of plastics. A classification of 
plastics molding materials is given. Molding processes, 
design of molded articles, cementing and assembling 
testing, mold design, machining and finishing are 
covered. Included also are standards for the design of 
inserts, for tolerances on molded plastic parts, and for 
laminated products. 


SYMPOSIUM ON LARGE-SCALE DIGITAL CAL- 
CULATING MACHINERY, PROCEEDINGS, jointly 
sponsored by the Navy Department, Bureau of 
Ordnance, and Harvard University at the Computation 
Laboratory, January 7-10, 1947. Harvard University 
Press, Cambridge, Mass., 1948. 302 pages, illustrations, 
diagrams, charts, tables, 103/4 by 73/4 inches, cloth, $10. 
More than 30 papers, presented by specialists, are in- 
cluded in this symposium on the design, construction, 
operation, and application of this rapidly developing, 
recent type of mathematical tool. The papers are 
grouped by the separate session subjects: existing cal- 
culating machines; logic of large-scale calculating 
machinery; storage devices; numerical methods and 
suggested problems; sequencing, coding, and problem 
preparation; input and output devices; conclusions, 
and discussion, 


VACUUM-TUBE CIRCUITS. By L. B. Arguimbau. 
John Wiley and Sons, Inc., New York, N. Y.; Chapman 
and Hall, Limited, London, England, 1948. 668 pages 
illustrations, diagrams, charts, tables, 81/2 by 51/2 inches, 
cloth, $6. Emphasizing physical concepts and ideas 
rather than detailed discussion of actual circuits, this 
book includes the fundamental material needed by the 
reader who is unacquainted with electronics. It deals 
at some length with frequency modulation, transient 
response, and the generation of microwaves, with special 
treatments of inverse feedback, video-amplifier transients, 
pulses, and television, A knowledge of a-c circuits, 
calculus, and Fourier series is assumed. 


VACUUM TUBES. By K. R. Spangenberg. Mc- 
Graw-Hill Book Company, New York, N. Y., London, 
England, Toronto, Ontario, Canada, 1948. 860 pages 
illustrations, diagrams, charts, tables, 91/4 by 6 inches, 
cloth, $6. Based on a course given at Stanford Uni- 
versity, this book is concerned with the determination of 
vacuum-tube characteristics in terms of the electron 
action within the tube. It attempts to bridge the gap 
between the physical laws that lie behind the electron 
behavior and the external characteristics of the tubes 
themselves. The outstanding tube types are dealt 
with individually. Recent advances in this field are 
covered, 
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ELEMENTARY INDUSTRIAL ELECTRONICS. 
By W. R. Wellman. D. Van Nostrand Company, New 
York, N. Y., Toronto, Ontario, Canada, London, 
England. 1948. 371 pages, illustrations, diagrams 
charts, tables, 91/4 by 6 inches, cloth, $4. Of interest 
to the beginner rather than to the advanced student, 
this book contains the basic principles involved in elec- 
tronic equipment now in industrial use. Following a 
review of a-c fundamentals, the basic principles of 
vacuum tubes and gas-filled tubes are considered. 
Kenotrons, various rectifiers and amplifiers are dis- 
cussed as well as high-frequency heating and electronic 
control of motors, generators, and resistance welding. 
Photoelectric devices and electronic lamps are also 
covered. 


ELEMENTS OF ELECTRICAL ENGINEERING. 
By W. J. Creamer. McGraw-Hill Book Company, 
New York, N. Y., Toronto, Ontario, Canada, London, 
England, 1948. 344 pages, illustrations, diagrams, 
charts, tables, 91/4 by 6 inches, cloth, $4. Serving as a 
comprehensive introduction to electrical engineering, 
this book presents its subject matter in a logical sequence 
with ample descriptive material. The topics dealt with 
are d-c analysis, the properties of conductors and insula- 
tors, various types of meters and measuring networks, 
electrodynamic principles of d-c motors and generators, 
and elementary electronics. 


ELEVEN AND FIFTEEN-PLACE TABLES OF 
BESSEL FUNCTIONS OF THE FIRST KIND, TO 
ALL SIGNIFICANT ORDERS. By E. Cambi. 
Dover Publications, 1780 Broadway, New York, N. Y., 
1948, 154 pages, tables, 10%/, by 81/2 inches, cloth, 
$3.95. The main tables give Jn(x) for x ranging from 
0 to 10.5 at intervals of 0.01, to 11 places. Supple- 
mentary tables give Jn(x) for x ranging from 0 to 0.500 
at intervals of 0.001, to 15 places, and Taylor series for 
Jn of even order for x=2 to 10 inclusive. The intro- 
duction contains an explanation of the tables and 
graphs which show their accuracy. 


ETUDE DE L’°ETAGE AMPLIFICATEUR A RE- 
SISTANCES By J. Schérer, prefacé de E. Fromy. 
Dunrod, Paris, France, 1947. 124 pages, diagrams, 
charts, tables, 9!/; by 6 inches, paper, 480 frs. Con- 
siders analytically and functionally the stages of re- 
sistance-coupled amplifiers, taking into account the 
action and effects of the various included elements. 
The respective importance of these elements is taken into 
consideration, and certain approximations are worked 
out for the simpler aspects of the problems involved. 


F-M TRANSMISSION AND REGEPTION. By J. 
F. Rider and S.D. Uslan. John F. Rider Publisher, 
Inc., 404 Fourth Avenue, New York, N. Y., 1948. 409 
pages, illustrations, diagrams, charts, tables, 81/, by 
51/2 inches, paper, $2.70. The first half presents the 
underlying theory of frequency modulation and indirect 
frequency modulation (pulse modulation), discusses the 
propagation of frequency-modulation signals and the basic 
characteristics of frequency-modulation transmitters, 
and presents an analysis of transmitters in use today. 
The second part deals with frequency-modulation re- 
ceiving antennas and the frequency-modulation receiver. 
Four currently used types of frequency-modulation 
detectors are covered in detail. The last two chapters 
describe the alignment and servicing of receivers. 


FREQUENCY MODULATION, volume I. Edited 
by A. N. Goldsmith and others, January 1948. RCA 
Review, Radio Corporation of America, RCA Labora- 
tories Division, Princeton, N. J., 1948. 515 pages, 
illustrations, diagrams, charts, tables, 91/4 by 6 inches, 
cloth, $2.50 plus 20 cents postage. Papers from various 
technical periodicals for the years 1936-47. Book is 
divided into four parts dealing with general information, 
transmission, reception, and miscellaneous subjects. 
Some papers are reprinted in full, others in summary 
form, Appendixes contain a frequency modulation 
bibliography and a list of papers dealing with frequency- 
modulation station placement and field survey tech- 
niques, 


THE GENIUS OF INDUSTRIAL RESEARCH. By 
D. H. Killeffer. Reinhold Publishing Corporation, 
New York, N. Y., 1948. 263 pages, charts, 91/4 by 6 
inches, cloth, $4.50. This treatment of modern in- 
dustrial research and its methods is intended primarily 
to guide the ambitious young researcher to a better 
understanding and a surer mastery of his craft. The 
material is mostly from the field of industrial chemistry. 
The accounts of how many important modern develop- 
ments were achieved are quoted directly from the 
original presentations, 


GERMAN ELECTROPLATING INDUSTRY, PB 
32158. By G. E., Gardam, Mapleton House, Pub- 
lishers, 5415 17th Avenue, Brooklyn, N. Y., 1947. 
72 pages, illustrations, diagrams, tables, 81/4 by 51/2 
inches, paper, $5. The operating processes of some 20 
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German firms and research institutes are described 
briefly, with analyses of solutions used, and other tech- 
nical data. A translation of a German specification for 
the testing of zinc-plate parts is appended. 


HOUSEHOLD ELECTRIC REFRIGERATION (in- 
cluding Gas Absorption System). By J. F. Wostrel and 
J. G. Praetz. Second edition. McGraw-Hill Book 
Company, New York, N. Y., and London, England, 
1948. 458 pages, diagrams, charts, tables, 91/, by 6 
inches, cloth, $4.50. Beginning with a simple explana- 
tion of how refrigerators work, this book continues with 
detailed practical methods and data on installation, 
testing, servicing, adjusting, trouble shooting, and 
Trepairing. This revised edition has been amplified to 
include the mechanical details and service instruction 
for refrigerators introduced since the previous edition. 


INDUSTRIAL RESEARCH, 1947. Advisory editor, 
P. Dunsheath. Todd Reference Books Limited, London, 
England, and New York, N. Y.; British Distributors: 
George G. Harrap and Company, Ltd., 182 High 
Holborn, London, England, W. C. 1. 535 pages, 
83/s by 51/2 inches, cloth, 25s. This British Empire 
directory contains statements on the character and 
activities of government, public, and private organiza- 
tions which have industrial research programs. Careers 
in industrial research are described briefly, with informa- 
tion on university requirements, grants, and so forth. 
Books, periodicals, and films of interest are given in 
classified groups. The volume also contains lists of 
laboratories, technical colleges, consultants, libraries, 
and a “‘who’s who” in industrial research. 


INDUSTRIAL WEIGHING. By D. M. Considine. 
Reinhold Publishing Corporation, New York, N. Y., 
1948. 553 pages, illustrations, diagrams, charts, tables, 
91/4 by 6 inches, cloth, $10. Written for students, 
engineers, designers, and users of scales, this book pro- 
vides a comprehensive study of the subject of scale de- 
sign and engineering, and of the uses of scales in the 
process industries. The first part reviews basic scale 
mechanics, design, and construction of modern scales, 
scale installation, and maintenance. The uses are 
described in part 2. 


INTRODUCTION A L7ETUDE DES RESEAUX 
ELECTRIQUES. By M. Parodi, preface by L. de 
Broglie, Société d’Edition d’Enseignement Supérieur, 
99 Boulevard Saint-Michel, Paris 5e, France, 1948. 
54 pages, diagrams, tables, 10 by 61/2 inches, paper, 
200 frs. The three chapters of this mathematical study 
of electric networks cover respectively the characteristic 
matrices of connected networks, applications of the 
transformation theory to such networks, and an analysis 
of the energy-producing properties of passive networks. 


INTRODUCTION TO THE DIFFERENTIAL 
EQUATIONS OF PHYSICS, By L. Hopf, translated 
by W. Nef. Dover Publications, New York, N. Y., 
1948. 154 pages, diagrams, 61/2 by 41/4 inches, cloth, 
$1.95. Basic mathematical concepts and methods are 
developed in close connection with the physical problems 
to which they can be traced historically. The intuitive 
rather than the formal aspects of mathematical develop- 
ments are emphasized, and the necessary mathematical 
background, beyond elementary calculus, is introduced 
along with the discussion, 


INTRODUCTION TO THE PHYSICS OF METALS 
AND ALLOYS. By W. Boas. John Wiley and 
Sons, New York, N. Y., 1947. 193 pages, illustrations, 
diagrams, charts, tables, 93/4 by 6 inches, cloth, $3.50. 
Based on a series of lectures in physical metallurgy, 
this book has been written to supply a basis for further 
work in the field. The main principle underlying the 
text is that the properties and arrangement of the crystals 
determine the properties of polycrystalline aggregates. 
The principles of X-ray analysis, the physical properties 
of metal crystals and polycrystalline aggregates, and the 
changes in the properties of metals due to alloying and 
heat treatment are the main areas covered. 


(AN) INTRODUCTION TO THE THEORY OF 
SEISMOLOGY. By K. E. Bullen. University Press, 
Cambridge, England; Macmillan Company, New York, 
N. Y., 1947. 276 pages, diagrams, charts, tables, 8/4 by 
51/2 inches, cloth, $4. Based on lectures given to under- 
graduate students. Begins with a consideration of the 
mathematical theories of elasticity, and of vibrations 
and waves, followed by the wave theory applied to 
problems on wave motion in an elastic body, and the 
derivation of results special to seismology, the essential 
principle of the seismograph, application of seismological 
data, and earthquake phenomena. 


KINEMATICS OF MACHINES. By L. M. Sahag. 
Ronald Press Company, New York, N. Y., 1948. 249 
pages, illustrations, diagrams, 91/2 by 6 inches, cloth, $4. 
Following introductory chapters on fundamental con- 
ceptions and motion in machines, the text is divided into 
separate detailed discussions of the particular actions and 
mechanisms dealt with. In the solution of problems in 
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velocities and accelerations the graphic method has been 
applied in preference to the analytic method. 


LIGHTING DESIGN. By P. Moon and D. E. Spencer. 
Addison-Wesley Press, Kendall Square, Cambridge 42, 
Mass., 1948. 482 pages, illustrations, diagrams, charts, 
tables, 91/4 by 6 inches, cloth, $5. This book has two 
aims: to provide a text on lighting which rises above 
the descriptive level and which presents fundamental 
principles in a quantitative manner; and to present a 
comprehensive design method that can be used by 
practicing engineers in devising high-quality lighting 
systems for rooms. It gives data on nomenclature, 
lamps, and materials, the calculation of light, and the 
design of systems of exterior lighting. ; 


MANUAL OF STRUCTURAL DESIGN. By J. 
Singleton, Third edition. H. M. Ives and Son, 415 
Kansas Avenue, Topeka, Kans., 1947. 336 pages, 
diagrams, charts, tables, 101/; by 7 inches, fabrikoid, 
$6. Intended for the practicing engineer, this book 
applies the fundamentals of structural design in the 
formulation of data that bear directly on specific cases. 
It contains the latest specifications of the American In- 
stitute of Steel Construction and other new material. 
The included data are presented chiefly in the form of 
tables or graphs for more effective use. 


MICROWAVE MAGNETRONS. Edited by G. B. 
Collins. (Massachusetts Institute of Technology, 
Radiation Laboratory Series, volume 6.) McGraw- 
Hill Book Company, New York, N. Y., Toronto, On- 
tario, Canada, London, England, 1948. 806 pages, 
illustrations, diagrams, charts, tables, 91/4 by 6 inches, 
cloth, $9. Contains the theory, design, and operation 
of magnetrons in the frequency range 1,000 to 25,000 
megacycles per second and the many modifications that 
extend the usefulness of these tubes. The circuit theory 
and electronics of this type of oscillator are discussed 
with special attention to the subjects of starting phe- 
nomena, electronic tuning, and stabilization of frequency. 
Applications of the magnetron principles to both pulsed 
and CW tubes are dealt within full. There isa compila- 
tion of the operating characteristics of microwave mag- 
netrons developed during the war. 


MICROWAVE MIXERS. (Massachusetts Institute 
of Technology Radiation Laboratory Series, volume 
16.) By R. V. Pound, edited by C. G. Montgomery 
and D. D. Montgomery. McGraw-Hill Book Com- 
pany, New York, N. Y., and London, England, 1948. 
81 pages, diagrams, charts, tables, 91/4 by 6 inches, 
cloth, $5.50. Covers the microwave portions of re- 
ceivers for very-high-frequency waves. It discusses 
various types of receiving systems and their relative 
merit, and treats the conversion frequency problem in 
all its aspects. Practical mixers are described and their 
design problems are dealt with. Schemes are described 
for maintaining a constant absolute frequency of the 
local oscillator as well as those for stabilizing to a con- 
stant frequency difference between transmitter and local 
oscillator. 


MICROWAVE TRANSMISSION DESIGN DATA. 
By T. Morano. McGraw-Hill Book Company, New 
York, N. Y., Toronto, Ontario, Canada, London, 
England, 1948. 248 pages, diagrams, charts, tables, 
91/, by 6 inches, cloth, $4, A practical handbook of 
specific design data for the use of engineers engaged in 
the design of microwave equipment of all kinds, It 
includes transmission line theory from high-frequency 
point of view; coaxial lines and transmission line struc- 
ture; hollow pipe wave guides; wave guide structures 
and components; properties of dielectrics at high fre- 
quencies; cavity resonators, 


MODERN METALLURGY FOR ENGINEERS. By 
F. T. Sisco, Second edition, Pitman Publishing Cor- 
poration, New York, N. Y., and London, England, 1948. 
499 pages, illustrations, diagrams, charts, 91/2 by 6 inches, 
cloth, $5. This revision of a widely used textbook is of 
primary interest to engineers concerned with the relation 
of metals and metallic alloys to structures and machines. 
It contains information on the origin, production, com- 
position, and properties of most of the metals used in 
modern engineering. Various forms of heat treatment 
are explained with particular reference to practical 
difficulties encountered. Considerable attention is 
given to hardenability of steel. 


ORGANIZING SCIENTIFIC RESEARCH FOR 
WAR. (Science in World War II, Office of Scientific 
Research and Development.) By I. Stewart, foreword 
by V. Bush. Little, Brown and Company, (Atlantic 
Monthly Press Book), Boston, Mass., 1948. 358 pages, 
tables, 83/4 by 51/2 inches, cloth $5. Sets forth the 
details of the actual organization of the nation’s scientists 
after they were mobilized for war. It outlines the 
over-all committees, special committees, divisions, 
panels, and the chairman’s office of OSRD, as well as 
the various research groups and the office of Field 
Service. It tells how liaison was achieved with the 
armed services and allied governments, and how the 


Of Current Interest 


administrative office functioned. Finally it surveys the 
process of demobilization and evaluates the procedures 
of the OSRD as a whole. 


PRACTICAL JOB EVALUATION. By P. W. Jones. 
John Wiley and Sons, New York, N. Y.; Chapman and 
Hall, Ltd., London, England, 1948. 304 pages, illus- 
trations, diagrams, charts, tables, 8%/, by 51/2 inches, 
cloth, $4. Describing the applications of wage determi- 
nation to wage structures, this book emphasizes the de- 
sign, installation, and salesmanship of the procedures 
necessary to determine the wages of employees. All 
plans and techniques included have been used success- 
fully in business and in industry. 


PRECISION INVESTMENT CASTINGS. By E. L. 
Cady. Reinhold Publishing Corporation, New York, 
N. Y., 1948. 356 pages, illustrations, diagrams, charts, 
tables, 91/4 by 6 inches, cloth, $6. This treatment of a 
relatively new production process tells in the first few 
chapters what the process is, what it does, and how it 
does it. Subsequent chapters detail the practical 
methods for getting the best results and show how the 
process operates to obtain the desired ends. The 
resources and weaknesses of the process are described, 
and future developments are indicated. 


PRODUCTION COST TRENDS IN SELECTED 
INDUSTRIAL AREAS. By P. Neff, L. C. Baum, 
and G. E, Heilman. University of California Press, 
Berkeley and Los Angeles, Calif., 1948. 249 pages, 
charts, tables, 91/2 by 6 inches, cloth, $4. This statistical 
study compares manufacturing cost trends in the indus- 
trial areas of Los Angeles, Calif.; San Francisco, Calif. ; 
Detroit, Mich.; Cleveland, Ohio; Chicago, Ill.; and 
Pittsburgh, Pa., for the period 1929-39. The trends 
in general manufacturing are considered first; then 
durable goods; and finally a number of selected in- 
dustries are dealt with. The data utilized are taken 
mainly from the United States Census of Manufacturers. 


PULSE GENERATORS. Edited by G. N. Glasoe 
and J. V. Lebacqz. (Massachusetts Institute of Tech- 
nology, Radiation Laboratory Series, volume 5.) Mc- 
Graw-Hill Book Company, New York, N. Y., and 
London, England, 1948. 741 pages, illustrations, dia- 
grams, charts, tables, 9!/4 by 6 inches, cloth, $9. Deals 
with the theoretical and practical aspects of the genera- 
tion of power pulses, covering the ranges of 100 watts 
to 20 megawatts and 0.03 to 10 microseconds. The 
treatment is as general as possible, with emphasis on 
such problems as pulse formation; the effect of circuit 
parameters on the pulse shape; pulse power, average 
power, power transfer and circuit efficiency; impedance 
transformation; and characteristics and design of pulse 
transformers. 


TABLES FOR THE DESIGN OF MISSILES. (An- 
nals of the Computation Laboratory of Harvard Uni- 
versity, volume 17.) Harvard University Press, Cam- 
bridge, Mass., 1948. 226 pages, diagrams, tables, 
103/4 by 73/4 inches, cloth, $9. These tables were made 
to facilitate the design of missiles by permitting rapid 
calculation of the characteristics of the quantities 
affecting the behavior of a missile in flight. In the 
introduction, definitions of the tabulated functions, the 
method of computation, interpolation instructions, the 
use of the tables, and nonstandard ogives are considered. 
The major portion of the book contains complete tables 
of important functions with sufficiently small increments 
for precise work. 


THEORY OF SERVOMECHANISMS. Edited by 
H. M. James, N. B. Nichols, and R. S. Phillips. (Massa- 
chusetts Institute of Technology, Radiation Laboratory 
Series, volume 25.) McGraw-Hill Book Company, 
New York, N. Y., Toronto, Ontario, Canada, London, 
England, 1947. 375 pages, diagrams, charts, tables, 
91/4 by 6 inches, cloth, $5. Deals first with frequency 
response techniques of servomechanism design. The 
required mathematical background is summarized and 
applications are described. The second section pre- 
sents a new design technique, and the relationship of 
the two sections is discussed. The approach makes 
fundamental use of statistical methods. The book 
closes with an account of the applications of these tech- 
niques to servomechanisms operating with pulsed data. 


VIBRATION AND SOUND. By P. M. Morse. 
Second edition. McGraw-Hill Book Company, New 
York, N. Y., Toronto, Ontario, Canada, London, 
England, 1948. 468 pages, diagrams, charts, tables, 
91/; by 6 inches, cloth, $5.50. Intended primarily as a 
text for students of physics and communication engineer- 
ing, this book serves as an introduction to the theory of 
vibration and sound and gives a series of examples of the 
method to be used in solving new as well as standard 
problems. Reflecting wartime developments, this 
edition includes more detail than its predecessor on 
radiation problems, and introduces the important 
subject of transient phenomena and the technique of 
operational calculus. 
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PAMPHLETS ecceee 


The following recently issued pamphlets may be of 


anterest to readers of “Electrical Engineering.” lll 
inquiries should be addressed to the issuers. 


RCA Technical Papers Index (7947) 
Volume II(b). This index, a supplement to 
RCA Technical Papers Index (1919-50), lists all 
published English-language technical papers 
on radio, electronics, and related fields, the 
author of which was associated with the 
Radio Corporation of America at the time of 
the paper’s preparation. Copies are obtain- 
able free, from the RCA Review, RCA 
Laboratories Division, Princeton, N. J. 


Allis-Chalmers Bulletins. Two bulletins, 
61B6152A “Allis-Chalmers Network Trans- 
formers”? and 03B6807 “Standardized Steam 
Turbine Units” are available upon request 
from the Allis-Chalmers Manufacturing 
Company, Milwaukee 1, Wis. 


List of Inspected Fire Protection Equip- 
ment and Materials (January 1948). Pub- 
lished by Underwriters’ Laboratories, Inc., 
this list includes and replaces all UL lists 
prior to January 1948. Copies are obtain- 
able from any one of the three Underwriters’ 
offices: 161 Sixth Avenue, New York, N. Y.; 
207 East Ohio Street, Chicago, Ill.; 500 
Sansome Street, San Francisco, Calif. 


Tempil Topics. Number 4 “Welding Dis- 
similar Metals” and number 6 ‘‘Repair of 
Castings by Welding’ of volume 3, Tempil 
Topics, are available upon request from the 
Tempil Corporation, 132 West 22d Street, 
New York 11, N. Y. 


NEMA Publications. The National Elec- 
trical Manufacturers Association, 155 East 
44 Street, New York 17, N. Y., has issued the 
following booklets: publications 39-54, 
“NEMA Standards for Asbestos, Asbestos- 
Varnished-Cambric and Asbestos-Synthetic 
Insulated Wire, Cables and Cords.” 38 
pages, $1.50; publication 48-729, ‘“Specify- 
ing a Geared Steam Turbine Generator Unit 
(75-400 kw, inclusive)’’ 16 pages, 75 cents; 
publication 505, “Standards for Measure- 
ment of Direct Interelectrode Capacitance,” 
10 pages, 80 cents. 


Westinghouse Film Catalogue. A 24-page 
catalog (B-3988), listing available Westing- 
house sound motion pictures and slides for 
industrial and civic use may be obtained free 
from the Film Section, Westinghouse Elec- 
tric Corporation, Post Office Box 868, Pitts- 
burgh 30, Pa. 


Intermodulation Measuring Set. A bro- 
chure on the Western Electric intermodula- 
tion measuring system will be supplied free 
by the Electrical Research Products Divi- 
sion, Western Electric Company, 233 Broad- 
way, New York 7, N. Y. 


The Humanistic-Social Stem of Engineer- 
ing Education. An annotated bibliography 
compiled by the Cooper Union Library is 
available free from the Librarian, Cooper 
Union Library, Cooper Square, New York 
NE Yo 
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Ohio State Engineering Series. Two bulle- 
tins have been published by the Ohio State 
Engineering Experiment Station: number 
131, “Research on Flow Nozzles by the ASME 
Special Research Committee on Fluid 
Meters,”? $1; number 732, “Investigation of 
Bridge Impacts with a Mechanical Oscilla- 
tor,” 75 cents. 


U of I Bulletins, Volume 45. The following 
numbers from the University of Illinois’ 
Bulletins, volume 45, are available: number 
9, “The Illinois Smokeless Furnace,” 75 
cents; number 77, ‘The Railroad Dyna- 
motor Car of the U of I and the Illinois 
Central Railroad,” 20 cents; number 23. 
‘Experience in Illinois with Joints in Con- 
crete Pavements,” $1; number 26, “The 
Effect of Non-Uniform Distribution of Stress 
on the Yield Strength of Steel,’ 50 cents; 
number 29, “History of Building Founda- 
tions in Chicago,” 40 cents; number Vip 
“Effect of Eccentric Loading, Protective 
Shells, Slenderness Ratio, and Other Vari- 
ables in Reinforced Concrete Columns,” $1; 
number 33, “Flexible Fatigue Strength of 
Steel Beams,”’ 20 cents. 


Schedule of Trade and Industrial Fairs. A 
supplementary schedule of trade and indus- 
trial fairs to be held throughout the world 
during the second half of 1948 has been com- 
piled and issued by World’s Business and 
Guia, the export business publications. 
Copies can be obtained from their offices at 
440 Fourth Avenue, New York 16, N. Y. 


The First 100 Years. A 1947 annual review 
of engineering developments at Allis-Chal- 
mers, Milwaukee, Wis. Copies of the 1947 
annual review may be obtained on request. 


Isotope Chart. A chart giving data con- 
cerning various forms of isotopes of the chemi- 
cal elements, of importance in atomic studies, 
is being distributed by the General Electric 
Research Laboratory, Schenectady 5, N. Y. 


Table of Coefficients. A 20-page Table of 
Coefficients for Obtaining the First Deriva- 
tive Without Differences has been prepared 
by the National Bureau of Standards and 
made available as NBS Applied Mathematics 
Series 2. May be obtained only from the 
Superintendent of Documents, United States 
Government Printing Office, Washington 25, 
D. C., at 15 cents per copy. 


Westinghouse Electric Heating Guide. A 
42-page illustrated manual, “Electric Heat- 
ing for Homes,” designed to assist in the 
proper application of electric heating in the 
home. A copy of the guide (B-3768-A), 
priced at $2, may be secured from any office 
of the Westinghouse Electric Supply Com- 
pany or other distributors of Westinghouse 
apparatus or supplies. 


The Visual Study of Nonperiodic Electric 
Transient Phenomena. The bulletin re- 
ports the technique employed in determining 
the compliance of electric fence controllers 
in so far as output characteristics are con- 
cerned, with the requirements of the Stand- 
ard for electric fence controllers of Under- 
writers’ Laboratories Inc., 207 East Ohio 
Street, Chicago 11, Ill. 


Of Current Interest 


Three Management Booklets. The Na- 
tional Foremen’s Institute, Inc., Deep River, 
Conn., offers three booklets on problems in 
management, each for 25 cents. They are: 
“Notes on the Development of Management 
People,” ‘How Supervisors Can Handle 
Worker Problems,” and “WHO, ME?... 
Pointers in Job Management.” 


Densified Wood Made with Bakelite 
Resins. This new booklet, describing the 
uses of densified wood in engineering, is is- 
sued free by the Bakelite Corporation, 300 
Madison Avenue, New York 17, N. Y- 


Safe Transformer Installations. Published 
as “Factory Mutual Bulletin of Loss Preven- 
tion number 75.30,” copies of this paper are 
obtainable from the Inspection Department, 
Associated Factory Mutual Fire Insurance 
Companies, 184 High Street, Boston 10, 
Mass. 


The Radio Amateur’s Beam Pointer Guide. 
Published by John F. Rider, Inc., 404 Fourth 
Avenue, New York 16, N. Y., this guide, which 
shows how the operator can point his beam at 
any point in the world, comes complete with 
charts and tables for $1. 


Over Jets in Action for Smoke Abatement. 
Free copies of this booklet, which answers 
questions concerning smoke abatement and 
control, are to be had by writing to Bitumi- 
nous Coal Research, Inc., 92 Oliver Building, 
Pittsburgh 22, Pa. 


Operation of Ammonia Machines. This 
brochure, numbered AD 79-R, includes 
information on ammonia compressors, me- 
chanical refrigeration cycles, system testing, 
and maintenance hints. It sells for 35 cents 
a copy from the American Society of Refriger- 
ating Engineers, 40 West 40 Street, New 
York 18, N. Y. 


National Directory of Safety Films. Pre- 
pared by the National Safety Council, this is 
a comprehensive listing of 403 motion pic- 
tures and slide films, both sound and silent, 
for safety education in industry, business, 
farms, schools, and the home. It is classified 
and indexed with synopsis, source, and avail- 
ability. Price is 25 cents from the National 
Safety Council, 20 North Wacker Drive, 
Chicago 6, Ill. 


Powder Metallurgy. Describes the effect 
of particle size on the physical properties of 
powder metallurgy products. 6 pages. 
Distributed free by Micromet, Inc., 60 Park 
Place, Newark 2, N. J. 


What Makes a Plant Fire-Safe? Free 
booklet listing essential points in planning 
and supervising plant fire safety. Write to 
the Inspection Department, Associated Fac- 
tory Mutual Fire Insurance Companies, 184 
High Street, Boston 10, Mass. 


Cast Bronze Bearing Alloys Engineering 
Data. Discusses selection of alloys and their 
physical properties. First of a series, this 
paper lists complete engineering data, charac- 
teristics, and typical uses. For a copy, write 
The Bunting Brass and Bronze Company, 
Toledo 9, Ohio. 
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e e For a good many years, when 
line designers specified steel 
strand, they were limited to an 
extra-galvanized zinc coating... 
and if the strand lasted as long as 
the line, well and good. If not, it 
had to be replaced. The only alter- 
native was to specify expensive 
non-ferrous or composite material. 


That situation was largely changed 
with the advent of bethanized 
strand. For bethanized coatings 
(developed and applied exclusive- 


ly by Bethlehem) are available in 
three different weights—the equiv- 
alent of three widely-different life- 
spans. Weight A is equal to extra- 
galvanized; weight B is twice the 
thickness of A; weight C, three 
times the thickness of A. 


Experience has shown that the life 
of a zinc coating in atmospheric 
exposure is proportionate to its 
weight. Hence, with three bethan- 
ized coatings to choose from, you 
can select the one whose life ex- 
pectancy is approximately that of 
the individual line. 


Bethanized coating is a guardian 
armor of highly-pure zinc, applied 
electrolytically by a patented proc- 
ess. It forms a tight, even jacket— 
no thin spots here, thick spots there; 
no valleys or “ripples.” Every inch 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast Steel Corporaiion 
Export Distributor: Bethlehem Steel Export Corporation 
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of every wire is protected uni- 
formly against corrosion. More- 
over, the coating is so ductile that 
it will not check or peel when the 
strand is handled or fastened. 


Bethanized strand is available in 
all strengths — common, siemens- 
martin, high strength, extra-high 
strength, and utilities grade (speci- 
fication). We'd like to give you the 
full story — including suggestions 
on matching strand life to line life. 
Why not ask our representative to 
spend a little time with you? 
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Silicone 
LO, 


SILICONES 


Silicones are Salesmen 


In a competitive market your strongest selling 
point is a superior product. Constant vigilance is 
required, however, to maintain that superiority. 
That’s why top management men as well as 
design and production engineers are taking such 
keen interest in our silicone products. 


CWS 


With this family of new engineering materials, 
designers are able to do all sorts of previously 
impossible things. Skillfully used, Silicones can 
give you a sound, competitive advantage. Take 
silicone electrical insulation for example. 


PHOTO COURTESY AUTOMATIC TRANSPORTATION COMPANY 


Skylift Electric Truck motors are wound with DC 
Silicone Insulation which has 10 times the life and 
10 times the wet insulation resistance of Class ‘‘B’’ 
insulation. DC 44 Silicone Grease in the bearings 
has about 8 times the life of petroleum grease. 


Here’s an example of the way Automatic Trans- 
portation Company of Chicago capitalizes on 
the competitive advantage our silicone materials 
give them. Recent ad copy carries this headline 
in bold-face type. 


Only Automatic Skylift Trucks ai Ae 
«“BURN-OUT PROOF 
lated Motors 


Skylift Means Uninterrupted Material Handling 


That's good selling copy and it’s backed up by 
the amazing stability of our silicone products in 
all of their various forms. You may be able to 
improve or protect your competitive position by 
keeping in touch with Silicone developments 
through the branch office nearest to you. 


Data on all of our DC Silicone Products is given 
in Catalog No. AL-15, 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 


Atlanta e¢ Chicago e Cleveland ° 


New York e Los Angeles 
In Canada: Fiberglas Canada, Ltd., Toronto 
In England: Albright and Wilson, Ltd., London 
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INDUSTRIAL 


Sales Engineer. Edward J. Hart has 
joined Federal Telephone and Radio Cor- 
poration, Clifton, N. J., associate of Inter- 
national Telephone and Telegraph Cor- 
poration, as sales engineer, reporting to 
I. W. Gleason, sales manager, telephone 
division. 


Sales Manager. John B. Land has been 
appointed manager of sales for the petro- 
leum and chemical industries section of the 
General Electric Company’smaterialsindus- 
tries division, Schenectady 5, N. Y. Mr. 
Land had been connected previously with 
industrial sales division at General Elec- 
tric’s Pittsburgh office. Prior to that he 
was district cable specialist of the Atlantic 
district, working out of the Philadelphia 
office. 


Sylvania Appointment. Edward J. Lynch 
has been appointed manager of warehouse 
service, a new department created by 
Sylvania Electric Products Inc. Mr. 
Lynch will be responsible for setting up and 
operating service warehouses to handle all 
of the company’s products throughout the 
United States. He will make his head- 
quarters in Salem, Mass. 


Director of Electronics. Charles A. Bueb- 
ling has been appointed director of elec- 
tronics for the W. L. Maxson Corporation, 
New York, N. Y. 


Allis-Chalmers Organization. Organiza- 
tion of a sixth region for Allis-Chalmers, 
Milwaukee, Wis., general machinery divi- 
sion’s field organization under William 
Arthur, formerly Philadelphia district office 
manager, has been announced. 


Eastman Purchase. The Eastman Kodak 
Company has purchased from General 
Mills, Inc., the latter’s interest in Distilla- 
tion Products, Inc., of Rochester,,N. Y. 


Acquisition. The Stromberg-Carlson Com- 
pany has taken over the complete opera- 
tions of Liberty Carillons, Inc., of New 
YorkN aye 


TRADE LITERATURE 


Selenium Rectifiers. An 8-page catalogue 
in color describing, illustrating, and giving 
engineering data on a complete line of 
selenium rectifiers for electroplaters, elec- 
trotypers, anodizers, and all other industrial 
users of a-c to d-c power conversion equip- 
ment is announced by Richardson-Allen 
Corporation, 15 West 20th Street, New 
York, N. Y. 


Dow Corning Pamphlet. Information on 
the general properties of Dow Corning 
mold release agents for rubber and plastic 
is presented in the bulletin as well as major 
applications in the field of lubricating tire 
molds, curing bags, and in the lubrication 
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of mechanical rubber goods, floor tile, and 
plastics. Available from the Dow-Corning 
Corporation, Midland, Mich. 


Electronic Proportioning Pyrometer Con- 
troller. A bulletin describing a propor- 
tional current-input electronic pyrometer 
controller has been published by The Bris- 
tol Company, Waterbury 91, Conn. The 
bulletin describes the application of the 
new instrument in proportioning the cur- 
rent input to electrically-heated furnaces, 
ovens, plastic molding machines, salt pots, 
and other similar equipment to provide 
practically straight line control. The 
bulletin, number PB7237, can be obtained 
from The Bristol Company, Waterbury 91, 
Conn. 


Socket Screw Information. A folder con- 
taining information on the application of 
Multiple-Spline and Hex Socket Set and 
Cap Screws is available from the Bristol 
Company, Mill Supply Division, Water- 
bury 91, Conn. Number DM860. 


Low Molecular Weight Polyethylene 
Resins. The booklet describes the proper- 
ties, methods of handling, and uses of a low 
molecular weight resin designated as resin 
DYLT. This polymer is being offered to 
the wire and cable industry as a wax addi- 
tive that achieves many desirable proper- 
ties, as a hot melt sealing compound and as 
a conductor coating. A summary of com- 
patibility possibilities is given. Bakelite 
Corporation, Advertising Department, 300 
Madison Avenue, New York 17, N. Y. 


Biddle Instrument News. Low resist- 
ance and insulation resistance testing are 
featured subjects of the August issue of 
Biddle Instrument News. To receive a copy 
of this pamphlet write to James C. Biddle 
Company, 1316 Arch Street, Philadelphia, 
Teas 


Power Tools Bulletin. Catalog number 
486, illustrating and describing the entire 
line of Syntron power tools, has just been 
issued by Syntron Company, Homer City, 
Pa. This booklet includes description and 
illustrations of portable electric hammers, 
100 per cent self-contained gasoline ham- 
mer paving breakers, external concrete 
form vibrators, internal flexible shaft con- 
crete vibrators, and a complete range of 
sizes of portable electric drills, grinders, 
sanders, and their accessories. 


Sound Products Catalogue. The RCA 
engineering products department of the 
Radio Corporation of America has released 
an 84-page illustrated “Sound Products 
Catalogue,”’ listing the company’s complete 
line of sound equipment. The booklet is 
divided into sections dealing with such 
sound products as microphones, amplifiers, 
speakers, program control and distribution 
facilities and specialty products. For 
copies of this new catalogue write to Sound 
(Continued on page 50A) 
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Whenever wiring jobs come up, think beyond today’s wiring needs— 
think in terms of cutting costly shutdowns—think in terms of main- 
tenance-saving, time-saving Deltabeston* wires and cables. Make it a 
habit, wherever heat’s a threat, to specify Deltabeston throughout, 
because Deltabeston wires and cables are made specifically to combat 
the effects of heat, moisture, and corrosive vapors; they give electrical 
systems protection from immediate hazards, and an extra margin of 
protection to cover future, unanticipated needs. 

So whether you’re rewiring an existing system or installing a system 
in new construction, don’t overlook heat-beating Deltabeston. The 
Deltabeston line includes standards and “specials” for every com- 
bination of heat, moisture, corrosive vapor, or other conditions—for 
temperatures up to 200 C. It gives the system extra protection both 
on hot jobs and on ordinary installations. And, men who know your 
problems stand back of your Deltabeston supply source ready to 
advise you on selection. 

For full information on Deltabeston, write toSection Y26-1020, 
Construction Materials Department, General Electric Company, 
Bridgeport 2, Connecticut. 


GENERAL @@ ELECTRIC 


* TRADE-MARK REG. U. 8S. PAT. OFF. 
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Application hints on 
the complete Deltabeston line 


FLEXIBLE HINGE CABLE for 

swinging panel connections SLY 

and general switchboard Se 

work is available in the 

Deltabeston Switchboard 

Wire and Bus Cable line. Insulated with 
felted asbestos and covered with cotton braid 


with flame-resistant finish, it is essential for 
wiring switchboards up to 90 C (194 F). 


SPREADING OUT. Originally designed for infra- 
red oven use, silicone-treated Deltabeston cables 
proved so successful that 
now they’re being used for 
both 300- and 600-volt serv- 
ice on many extra-high heat 
applications. On jobs where 
the temperature goes as high 
as 200 C (392 F), specify 
silicone-treated Deltabeston. 


MOISTURE RESISTANCE is only one of many 
advantages Deltabeston power cable offers you. 
Like all Deltabeston prod- 
ucts, it’s a heat beater be- 
cause it’s insulated with 
purified asbestos. Varnished 
cambric and heavy braid or 
lead sheath help resist abra- 
sion, flame, grease, corrosive vapors, and oil. 


SIMPLIFIES SELECTION. To help in the selection 
of the proper Deltabeston magnet wires for the 
jobs you've got to do, Gen- 
eral Electric has prepared 
the Deltabeston Magnet 
Wire Booklet. This handy 
guide contains facts on the 
many kinds of magnet wire 

made by General Electric, 
and includes a handy specification chart to 
make selection easy. For your free copy, write 
to Section Y26-1020, Construction Materials 
Department, General Electric Company, 
Bridgeport 2, Connecticut. 
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When you have small parts 
that must be made accurately 
—yet price and delivery are big 
factors—remember Vallorbs. 

We are equipped and staffed 
to match your specifications to 
your tolerances at extremely 
low cost. 

Our facility with Screw Ma- 
chine production is part of an 
organization built around the 
manufacture of a complete line 
of industrial jewels and small, 
intricate metal stampings. 

We invite your inquiry and 
will gladly estimate on your 
blueprint or sample at no obli- 
gation to you. 


LANCASTER, PA., U.S. A, 


RR MR ee 
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TRADE LITERATURE (Continued from 
page 16A) 


Products Section, Engineering Products 
Department, Radio Corporation of 
America, Camden, N. J., specifying ‘‘Sound 
Products Catalogue number 218-P.” 


NEW PRODUCTS ee 


Voltage Stabilizer. A voltage stabilizer 
line that includes a model, custom-engi- 
neered specifically for building into elec- 
tronic equipment where space and weight 
limitations are critical, has been intro- 
duced by Raytheon Manufacturing Com- 
pany, Waltham, Mass. This miniature 5- 
watt stabilizer is for operation at an input 
voltage of 95 to 130 volts a-c, 60 cycles, 
single phase, with an output of 120 volts 
stabilized to plus or minus 1/2 per cent. 
Bulletin describing this lime may be ob- 
tained from the company. 


Mercury Relay. This relay, carrying 
current loads up to 35 amperes, incorpor- 
ates a newly designed free-floating magne- 
tic plunger that insures a smooth, silent 
operation. Because of this new feature, 
Ebert Engineering and Manufacturing 
Company, 185-09 Jamaica Avenue, Hollis, 
N. Y., has been able to reduce the size of 
the heavy glass enclosure and insure flicker- 
proof performance in sign-flashing applica- 


(Continued on page 56A) 


The most difficult 
Insulating problems 
are solved with 


SINCE. 1975 


[THE INSULATOR \ 


TRADE MARE REC. V. 8. PAP, OFT. 


LOW LOSS HIGH FREQUENCY 
INSULATION TO MEET HIGH 
MECHANICAL AND ELECTRICAL 
SPECIFICATIONS WITH OR WITHOUT 
METAL INSERTS 


MYCALEX '410" 
Molded to high precision 
With or without metal inserts 
MYCALEX **400"" 
Sheet Stock — Rod Stock 
We have fabricating facilities 
MYCALEX “k"" 
High dielectric Constant 
Prompt Service 
ur engineers cooperate 
in design and application 


MYCALEX CORPORATION 
OF AMERICA 


Owners of “"MYCALEX" Patents 
62 CLIFTON BOULEVARD 


CLIFTON, N. J. 
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improve 


power loadability in 


your plant 


with field-tried capacitors of proved 
dependability 


proved in the field — not for 1 year, but for over 10 years! 


cornell-d 
capacitors 


Why experiment with experimental capacitors? Over 

10 years of continuous, trouble-free operation give you 
convincing proof that you get more for your money 

with Cornell-Dubilier capacitors. 800,000 kva.—a total of more 
than 3,500 field installations — demonstrate the 

overwhelming preference for C-D's by leading power 
engineers. Write today for literature or call your C-D 

field man for analysis of your specific power-factor problem. 
Cornell-Dubilier Electric Corporation, Dept. B10,South Plainfield, 
New Jersey. Other plants in New Bedford, Worcester, 
Brookline, Massachusetts; and Providence, Rhode Island. 


-) CORNELL-DUBILIER - WORLD’ Si MANUFACTURER OF CAPACITORS 


Follow the leaders. 
Demand dependable C-D Capacitors 
for your plant. 
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Nickel-plated heavy 
gauge steel frame 


Nickel Silver 
springs 
Silver contacts 


Nickel-plated 
brass sleeve 


Yow, Your Customers Get 
Att ADC sack ALL THESE BENEFITS 


PANELS NOW CONTAIN 
THESE NEW ADC JACKS 


The new streamlined design of ADC 


r cirend! Jacks uses heavier gauge metal for greater 
e Great? ay! strength, The frame is die-formed and 
& Rig! ast press-welded for utmost rigidity and 

ors dimensional accuracy. 
e Les® yacts® Silver-alloy contacts and genuine 

,con eee . 
. pette Nickel Silver springs guarantee corro- 
Life! sion resistance, even under the most 
e pon9® humid conditions. 


All the way through, the new ADC is a 


better jack! If you require top quality 


Jobbers! Send for 
Catalog and samples 
TODAY! 


@oe ) ftadéa 2 DEVELOPMENT CO 


and precision-made components, ADC 


Jacks merit your first consideration. 


2853 13th. We soot SoiaNCheaLic 7, MINN. 


NEW PRODUCTS (Continued from fase 


tions. Heavy tungsten contacts with mer- 
cury-to-mercury make and break are 


hermetically sealed for dustproof and mois- 
tureproof operation. There is no exposed — 


arc and the relay is safe under all operating _ 


conditions. Coil and load terminals are 


; 
' 
| 


readily accessible on all installations. This — 
small relay, 4 inches by 25/s inches by 21/4 
inches available in 2- and 3-pole units, — 


operates on 1/2-wave unfiltered current. 


Roto-Ranger. The “roto-ranger” Simp- | 


son model 221, is designed as a high sensi- 
tivity a-c d-c volt-ohm-milliammeter, is 
equipped with rotating dials and is for use 
in television, radio, and industrial testing. 
The roto-ranger, patented by Simpson 
Electric Company, 5200-18 West Kinzie 
Street, Chicago 44, Ill., operates very 
simply. As the selector switch is moved to 
the range desired the proper scale for that 
range is brought into place behind the 
meter window. There are no cramped 
calibrations; each scale is large and full- 
sized as it would be on a separate instru- 
ment. So highly sensitive is the roto-ranger 
that it will measure automatic frequency 
control diode balancing circuits, grid cur- 
rents of oscillator tubes and power tubes, 
bias of power detectors, automatic volume 
control diode currents, rectified radio-fre- 
quency current, high-mu triode plate volt- 
age and others. D-c sensitivity is 20,000 
ohms per volt. The case of this model is of 
wood construction, leatherette covered, and 
the panel of gleaming black anodized 
aluminum. 


Control Relay. A small-size control relay 
that can be used on direct current and 
alternating current, as well as half-way 
rectified alternating current, has been 
developed by Struthers-Dunn, Inc., 150 
North Thirteenth Street, Philadelphia 7, 
Pa. This relay, a new miniature unit 
identified as type 778X BX, has double-pole 
double-throw contacts rated 2 amperes at 
115 volts alternating current. The normal 
d-c operating power is 0.15 watt with a 
maximum coil resistance of 2,200 ohms. 
A-c relays operate on approximately 9 
volt-amperes with coils up to 115 volts, 60 
cycles. The open-type relay is 11/2 inches 
high by 11/s inches long by 1 inch wide and 
weighs approximately 2 ounces. It can be 
readily enclosed in a metal enclosure 13/g 
inches square and 1%/, inches high, and 
equipped with a vacuum tube type of octal 
base. The relay is also adaptable to herme- 
tic sealing. A unique magnetic structure 
utilizes two working air-gaps resulting in 
high sensitivity on direct current. Hinge- 
pin armature suspension insures reliable 
operation under severe conditions. 


Stainless Steel Drafting Machine. A 
machine that saves up to 50 per cent draft- 
ing labor time and cost and that’ will 
operate with perfect accuracy on any size 
or make drawing board without the addi- 
tion of extra equipment or alteration of the 
drawing board has been announced by 
Emmert Manufacturing Company, Waynes- 
boro, Pa. Indexing of angles is simple, 


(Continued on page 64A) 
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—Mach. Bolt, 54” x 10” 


Ue Static Wire Support 
s* No.6464 


No. 9810 
Double Plank No. 29712 M.F. Locknut, 54” 
Crossarm M.F. Locknut, 74” No.4512 — 
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No. 6464 
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The H-Frame shown above consists basically of two poles of proper 
height and classification for 69 to 161 KV construction to which 
are attached two 334" x 934"" x 32-foot Fir Cross Arms. Poles are 
slab-gained to a thickness of 7'%-inches so that factory-assembled 
crossarms may be used. A No. 6464 Static Wire Support is mounted 
on each pole-top and No. 6673 Vee Braces are used to give added 
strength to the structure. The No. 5817 Steel Spacer Fittings serve a 
multiple purpose. They space the plank arms, provide a mounting 
point for the Vee Braces and are the points of suspension for the 
Insulator strings. No. 6685 Cross Brace is used to give transverse 
strength to the structure. 


For detailed bill of materials, see your Hubbard representative or 
write to Hubbard and Company. 


HUBBARDayvy COMPANY 


Hubbard “Vee” Brace PITTSBURGH 
No. 6673 CHICAGO 


OAKLAND, 
CALIF. 


OcTOBER 1948 Please mention ELECTRICAL ENGINEERING when writing to advertisers 63A 


64A 


Professional Engineering Directory 


Professional Engineering Directory Card 1” 


BLACK & VEATCH 


Consulting Engineers 
Water, Steam and Electric Power Investiga- 


tions, Design, Supervision of Constructions, 
Valuation and Tests 


4706 Broadway KANSAS CITY, MO. 


PATENTS TRADEMARKS 


PETER FRIES, JR., E.E. 


Registered Patent Attorney 


110 East 42nd Street 
New York 17, N. Y. 


Telephone: MUrray Hill 6-5990 


STANLEY B. HARE 


Consulting Engineer 


Electrical Design 
Commercial and Special Motors 


2881 Camulos Pl. 
LOS ANGELES 23, CALIF. 


JACKSON & MORELAND 
ENGINEERS & CONSULTANTS 
Design and Supervision of Construction 


Reports—Examinations—Appraisals 
Machine Design—Technical Publications 


BOSTON NEW YORK 


FRANK LEDERMANN, E.E. 


Registered Patent Attorney 
154 Nassau Street, New York 7, N. Y. 


Telephone: BEekman 3-2936 


LOCKWOOD & ANDREWS 
CONSULTING ENGINEERS 


Electrical, Mechanical, Structural, 
Civil, Industrial, Municipal, Hydrology 


Reports, Valuations, Rate Studies 
Design, Supervision, Investigations 


Union Nat'l. Bank Bldg., 


Houston, Texas 


LOYAL R. MILBURN 
Consulting Electrical Engineer 
Registered, State of Michigan 


16929 Lawton Avenue 
Detroit 21, Michigan 
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Roland R. Miner Lottye E. Miner 
Member AIEE Associate AIEE 


MINER & MINER 


Consulting Engineer — ; 
Design-Development-Investigations 
Valuations 
Experience in the utility, industrial and 

appliance manufacturing fiel 


1825 Tenth Avenue Greeley, Colorado 


CONSULT 
Z. H. POLACHEK 


Reg. Patent Attorney 


1234 BROADWAY 
(At 31st St.) 


New York 1, N. Y. 
PHONE: 
LO. 5-3088 


SANDERSON & PORTER 


ENGINEERS 
AND 
CONSTRUCTORS 


NEW YORK CHICAGO 
SAN FRANCISCO LOS ANGELES 


SARGENT & LUNDY 


ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 


WESTCOTT & MAPES INC. 


Architects & Engineers 


Power Plants Public Utilities 
Industrial Plants 
New Haven, Conn. 


THE J. G. WHITE 
Engineering Corporation 


Design—Construction—Reports— 
Appraisals 


80 BROAD STREET NEW YORK 


Fellow AIEE 
SAMUEL B. WILLIAMS 
CONSULTING ENGINEER 
Forty Years Bell System Experience in the 
development and design of Electrical 
ommunication and Computing Systems 


Automatic Switching Systems 
Patent Technical Advisor 


366 Clermont Avenue, Brooklyn 5, New York 
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fast, and easy through the use of the micro- 
matic quadrant, which allows indexing of 
every three degrees by simply flipping the 
quadrant minute-adjusting screw into de- 
sired degree setting and justments as fine as 
2!/. minutes by a slight turn of the minute 
adjusting screw. These machines are 
manufactured for boards ranging from 24 
inches up to 132 inches by any length, and 
special machines, including left-handed 
machines, can be furnished for odd size 
drawing boards. Vertical counterbal- 
anced full size drafting board units for full 
size work up to 11 feet high by any length as 
well as draftsman’s desk units, and horizon- 
tal-vertical counterbalanced adjustable 
board units are also available. 


Selenium Rectifier. Type-H selenium 
rectifier, a product of the International 
Rectifier Corporation, 6809 South Victoria 
Avenue, Los Angeles 43, Calif., has meas- 
urements of the individual selenium ele- 
ments of 61/, by 71/, inches rated at 12 
amperes (single-phase bridge). Incorpor- 
ated in these assemblies are interlocking 
assemblies of rectifiers components, con- 
servatively rated terminals, and special 
moisture-proofing. Thenew elements have 
stable characteristics. Leakage current is 
less than 1 milliampere per square centi- 
meter at 25 volts rms in the reverse direc- 
tion. These assemblies are suitable for all 
applications requiring output in excess of 
10 amperes. 


PHYSICISTS 

and 

APPLIED 
MATHEMATICIANS 


An established research organization has 
openings for professionals of Ph.D. or 
equivalent. The work has a basic and 
scientific approach; it includes problems 
in flight mechanics of guided missiles, the 
theory of radar and other electronic 
technics, and atomic and nuclear physics. 
The organization is non-industrial and is 
located within the metropolitan Los 
Angeles area. Salaries are commen- 
surate with ability. Please include de- 
tails of education and experience in 
reply. Address: Box 679, ELECTRICAL 
ENGINEERING, 500 Fifth Avenue, New 
York 18, N.Y. 
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